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Appendices 
 
Appendix 1.1: Glossary 
 
 Abbreviations 
 
CA Correspondence Analysis 
CEJ Cementum Enamel Junction 
CEH Cuspal Enamel Hypoplasia  
CDJ Cementum Dentine Junciton 
DDE Developmental Defects of Enamel 
DEJ Dentine Enamel Junction 
DEH Dental Enamel Hypoplasia 
FDI Fédération Dentaire International 
HERS  Hertwig‟s Epithelial Root Sheath  
HSB Hunter Schreger Band 
IA Iron Age 
IPCH Interproximal Contact Hypoplasia 
LEH Linear Enamel Hypoplasia 
LHPC Localised Hypoplasia of the Primary Canines 
MIH Molar Incisor Hypomineralisation or “Cheese Molars‟‟ 
MWS Mandibular Wear Stage 
NISP Number of Identified Specimens  
SEM Scanning Electron Microscope 
THA Tooth Hypoplastic Area 
TWS Tooth Wear Stage 
 
 
 Definitions 
 
Accentuated striae – dark lines seen in thin-sectioned enamel that either lie between or 
coincide with striae of Retzius and are the result of a disturbance during enamel formation 
 
Ameloblast – cell responsible for secretion and maturation of dental enamel 
 
Amelogenesis – the process of enamel formation 
 
Amelogenesis imperfecta – hereditary type of developmental enamel defect causing the 
abnormal formation of all enamel  
 
Apposition – layered formation of hard tissue (ie. enamel dentine, cementum) 
  
Appositional enamel – cuspal enamel, formed of successive domed layers 
 
Anterior – towards the front of the jaw, anterior cusp is closest to the sagittal plane, anterior 
teeth are the incisors and canines 
 
Apical – towards the root 
 
Aprismatic enamel – enamel type in which all crystallites are running parallel and perpendicular 
to the enamel surface 
 
Buccal –  surface or structures of the tooth closest to the inner cheek 
 
Buccolingual – section taken perpendicular to the dental arcade 
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Cementoblast – cementum producing cell 
 
Cementum – specialised calcified structure found around the root, used to support the tooth in 
the jaw.  Can also be found to cover the enamel in some animals.  
 
Cervical – towards the neck of the tooth, where the crown meets the root 
 
Coronal – the highest point of the crown 
  
Crown – portion of the tooth composed of dentine and pulp covered in enamel 
 
Decussation – the sinuous movement of the prisms through enamel from the DEJ to the 
enamel surface (see HSB) 
 
Dental Arch – alveolar process or tooth bearing portion of each jawbone (maxillary or 
mandibular) 
 
Dentine – calcified supportive tissue beneath enamel in teeth 
 
Dentinogenesis – formation of dentine 
 
Diazone – transversely sectioned prisms, part of structure known as Hunter-Schreger bands 
 
Distal – direction on the dental arcade away from the sagittal plane  
 
Enamel – highly mineralised substance that forms the crown of the tooth 
 
Enamel hypoplasia – where the amount of enamel formed is inadequate, results in pits or 
grooves, poorly mineralised or a complete absence of enamel. 
 
Hunter-Schreger Bands – optical phenomenon caused by the longitudinal sectioning of 
undulating prisms 
 
Hypomineralisation – the process of hypomineralisation causes opacities 
 
Hypoplasia – underdevelopment or incomplete formation of a tissue 
 
Imbricational enamel  – enamel covering the lateral surface of teeth in which perikymata are 
visible 
 
Labial  – the tooth surface of the incisors and canines closest to lips 
 
Linear Enamel Hypoplasia – enamel hypoplasia which takes the form of horizontal lines or 
grooves and is linked to systemic stress 
 
Lingual  - the tooth surface next to the tongue 
 
Mesial – direction along the dental arcade towards the sagittal plane 
 
Neonatal line – an accentuated striae of Retzius in enamel results from the stress of birth and 
can be seen in deciduous dentition forming at the time 
 
Occlusal  – surface of tooth that contacts another during mastication 
 
Odontogenesis – process of tooth formation 
 
Opacity  – also known as hypomineralisation, is an abnormality in the translucency and strength 
of enamel and can be identified as diffuse or demarcated. 
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Perikymata – incremental growth lines on the surface of enamel, being surface manifestations 
of striae of Retzius.  These appear as shallow grooves or more defined overlapping increments. 
 
Parazone – longitudinally sectioned prisms, part of structure known as Hunter-Schreger bands 
 
Posterior  – towards the back of the dental arcade, posterior teeth are molars and premolars 
 
Prism – bundles of crystallites that form the inorganic part of the enamel 
 
Radial – sections cut parallel to the central axis which passes from coronal tip to apex 
 
Sagittal plane – vertical central axial plane of the jaw – imaginary plane running from the top to 
the bottom dividing the body in half 
 
Striae of Retzius – incremental growth lines seen in enamel appearing as a series of dark 
bands running from the DEJ to enamel surface and result of changes in the growth process  
 
Tomes’ Process – the process of the enamel forming ameloblast.  The shape and form of the 
Tomes‟ process determines the shape of the prism and orientation of the interprismatic material 
 
Transverse sections – any section taken perpendicular to central axis running from coronal tip 
to the apex 
 
Tangential section – section cut in any plane not transverse or radial 
 
Tooth germ – primordium of the tooth; includes enamel organ, dental papilla and dental sac.  
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Appendix 2.1:  Partial or progressive weaning 
 
 Folding 
 
Separating the lamb from the ewes at night allows the ewe to be milked in the morning, after 
which time they can be released together to graze and suckle.  Moveable folds are commonly 
used throughout Europe for this purpose (Bergsåker 1978).  In Iceland this building type is called 
a stekkur, a fold with a lamb-compartment attached, which is used during the first phase of the 
separation of the lambs from the ewes in early spring (Sveinbjarnardóttir 1992).  They are 
usually fully separated by midsummer (Bergsåker 1978).  
 
 Anti-sucking techniques 
 
Sometimes technical devices can be used to prevent the lamb from feeding on it‟s mother‟s milk 
negating the need for separate grazing areas and extra supervision.  One of the oldest and 
commonest methods is gagging (Bergsåker 1978, Lucas 1951).  This practice is noted by 
historical evidence not only from Ireland but also Scandinavia and Iceland since the Middle Ages 
(Lucas 1951).  This practice is also alluded to in one of the Icelandic sagas (Eyrbyggja Saga) 
where Snorre Torbrandson, having received an arrow wound to the throat in battle at Vigrafjord, 
likens his difficulty in eating to lambs who “feed least when newly gagged (Bergsåker 1978: 88)”.   
 
 
 
 
 
 
 
 
Appendix Figure 2.1: Suckling obstacles used on livestock (after Bergsåker 1978: 89). 
 
By placing a wooden stick or gag (kjevle in Norwegian) across the lamb‟s mouth and tying it in 
place around its head, the animal is prevented from suckling but able to graze (Appendix Figure 
2.1).  The stick would be thicker in the middle, to prevent the animal from getting its mouth 
around the teat and the ends might be sharpened so that the lamb would prick the underside or 
legs of the mother when it attempted to feed, causing the ewe to run away (Bergsåker 1978).  
Likewise, goats may be protected from suckling by retaining the udder in a bag fixed over the 
rump, or the kid could be obstructed from feeding by a “halter with a peg fixed in the mouth” 
(Gall 1981:431).  As a method of partial weaning the device would be worn half the day, to allow 
milk that accumulated to be collected for human consumption, while the rest of the time the 
offspring could suckle (Lucas 1951).  Gagging was also used as a method specifically for 
weaning which takes between 2-4 weeks to complete (Bergsåker 1978).  A final method to deter 
the lamb from suckling is to use a stinking mixture applied near the teats.  In Norway cod-liver oil 
and tar are known to have been used (Bergsåker 1978). 
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Appendix 2.2:  Sheep and goat life cycle  
The breeding season in sheep in the Northern Hemisphere occurs in autumn, usually between 
November and December (although this may extend from September to February) so that their 
offspring are born in late spring/early summer to make the most of the growing season, after a 
gestation period of 5 months (Ryder 1983: 12, Ryder & Stephenson 1968: 8).  Goats in the 
Northern Hemisphere also have their kids in April or May and with a similar gestation length 
breed in October and November (McKenzie 1970: 217); this can be earlier in Norwegian dairy 
goats, where kidding occurs between January and March (Asheim & Eik 1998).  Ewe lambs and 
doe kids can breed as young as 6 months (Ryder & Stephenson 1968: 9, Morand-Fehr 1981); 
although the onset of sexual behaviour in goats can begin as early as 3-4 months so the sexes 
are usually separated at that age (Morand-Fehr 1981).  Natural weaning in both species can 
happen anytime between 1 and 6 months (Morand-Fehr 1981, Arnold et al. 1979), when ram 
lambs join male groups, while the ewe lamb stays with mother until the next lamb is born (Ryder 
1983: 13).  Ewes live longer than rams, although few sheep live longer than 9 years.  The 
average age at death for goats may exceed 10 years in favourable conditions, but in harsh 
environments this can drop to 5-6 years (Gall 1981b). 
 
Appendix 2.3:  Health problems in lambs 
Lambs have no immunity at birth and require temporary protection against infection from passive 
antibodies passed from the mother in colostrum (Morgante 2004).  Lambs start to produce their 
own antibodies during the second week after birth, only reaching significant levels in the second 
month of life (Morgante 2004).  It is during the first ninety days that lambs are most susceptible 
to disease and can develop pneumonia, coccidiosis, secondary infections from orf (contagious 
pustular dermatitis, a very nasty skin disease) or even drop dead for no obvious reason (Mills 
1989: 95).  Kids build their own immunity by 6 weeks (AI-Qudah 2002).  At less than one week of 
age lambs are at greatest risk from starvation, exposure hypothermia and septicaemia as a 
result of inadequate intake of colostrum; while between 1-3 weeks deaths are likely to result 
from trauma (Binns et al. 2002).  Accidents also cause high mortality between birth and weaning 
in kids as they jump and climb from the very first days of life (Morand-Fehr 1981).  Between 3 
weeks and 6 months parasitic and other infectious diseases are the greater danger (Binns et al. 
2002).  Coccidiosis is a disease which can be passed to lambs between 4-7 weeks of age by the 
ewe.  This causes diarrhoea and if not thrown off by stronger lambs or left untreated, damages 
the gut wall affecting the lamb‟s ability to thrive.  This disease is most common in overcrowded 
conditions especially in damp weather (Mills 1989: 193).  While not much is known about 
diseases in goats, coccidiosis, pneumonia and diarrhoea have all been observed in kids 
(Morand-Fehr 1981).  Coccidiosis can also appear in stressful conditions, particularly after 
weaning (Yvoré et al. 1980 in Orgeur et al. 1998). 
 
Parasitic infection by sheep ked (Melophagus ovinus) can produce patent anemia if there is 
sufficient blood loss, with consequent reduction in growth rates (Small 2005); while fly strike 
greatly dehydrates the animal and can cause it to become semi-moribund.  Blow fly maggots 
can cause skin injuries which if neglected allow secondary infections to set in which can lead to 
death (Mills 1989: 188).  Lambs are particularly vulnerable to nematodirus worm infestation 
which, if bad, can permanently debilitate an animal even if wormed every three weeks.  These 
young animals are, therefore, at risk from the moment they start to graze until about four months 
of age when they become more resistant to infection.  Intestinal worms are normally active from 
April to October, but a „rise‟ can occur earlier if the weather is exceptionally warm and moist, 
when lambs can become infested quickly, scouring badly and losing condition fast (Mills 1989: 
206).  One way to stop this in bad years is to keep the lambs indoors until the hay has been 
taken off the field before allowing them onto grass (Mills 1989: 101).  Like sheep, goats are also 
particularly susceptible to internal parasites, possibly due to the fact that they are predominantly 
browsing animals and are not adapted to withstand worm larvae when forced to graze on 
infested grass (Gall 1981, McKenzie 1970: 256-7).  The presence of intestinal parasites can 
predispose an animal to insufficiencies in minerals which can also affect development (Morgante 
2004).  
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An unbalanced intake of necessary minerals, either as deficiencies or excesses, causes the 
production of chronic or acute diseases depending on the duration and seriousness 
(Annicchiarico & Taibi 2004).  Both lambs and kids are sensitive to excess copper and 
phosphorous within the diet (Morand-Fehr 1981).  This often leads to urinary calculi, causing a 
partial or complete blockage of the urethra, which can lead to the death of the animal.  
Urolithiasis is mainly seen in winter when the animals drink less water, which causes a reduction 
in urine output and a concentration in crystalloids (Annicchiarico & Taibi 2004, Morgante 2004).  
A deficiency of phosphorous has also been seen in clinical trials to produce rickets in sheep, 
causing bent legs with swollen joints (both fore and hind) and a collapse of the digits resulting in 
“plantigrade instead of digitigrade gait (McRoberts et al. 1965a: 6).”  This condition can also 
result from a vitamin D deficiency, due to keeping the animal indoors (Morgante 2004). 
 
Chronic fluorosis is common in grazing animals especially following volcanic eruptions (Cronin et 
al., 2000); there have been many historic descriptions of the affects in Icelandic sheep (see 
Appendix 2.3).  More recent examinations of sheep exposed to fluoride content in fallen ash 
noted paralysis, loss of appetite, drowsiness (Fridriksson 1983), diarrhoea and a loss of wool 
(Georgsson & Pétursson 1972).  Lameness appears to be caused by periosteal growths and the 
ossification of ligaments and tendons (Shupe & Olson 1983).  Animals normally ingest low levels 
of fluorides during their lives (Suttie 1983, Shupe & Olson 1983) and the amount of fluoride 
required to induce these clinical symptoms and lesions therefore depend on a number of factors.  
The first is which species of animal is involved, as sheep have been found to have more 
resistance/tolerance to fluoride than cattle (Cronin et al. 2000).  In breeding sheep this has been 
determined to be 60mg/kg (ppm) in feed and 5-8mg/liter in water; while in lambs 150mg/kg 
(ppm) in feed and 12-15mg/liter of water is acceptable (Shupe & Olson 1983). Then the age, 
general state of health and level of nutrition the individual is receiving at the time of exposure 
together with the amount, bioavailability and duration of fluoride ingestion all influence the 
biological effects (Shupe & Olson 1983).      
 
Appendix 2.4:  Historical account of fluorosis 
Fluorosis was known to be caused by the fluoride content of volcanic ash as early as the 17
th
 
century, when it was first recorded in Iceland following the eruption of Mt Hekla in 1693 
(Fridriksson 1983).  At this time a farmer (Oddur Eiriksson) and clergyman (Benedikt Petursson) 
described a deformity in the teeth of livestock called “ash-teeth”.  This term was used to describe 
defective incisors that were stained and displaying excessive wear (Georgsson & Pétursson 
1972).  During a later eruption in 1766 Bishop Hannes Finnsson noted dental defects in animals 
living in areas affected by the ash, especially irregular growth of molars which became sharply 
pointed which he referred to as “gaddur” meaning spike (Fridriksson 1983).  This was seen to 
occur in sheep that had been exposed to ash when young and caused sensitivity to cold water 
(Georgsson & Pétursson 1972), while in some animals deformities of the jaws meant that they 
could not bring their teeth together to feed (Fridriksson 1983).  Other effects of fluorosis in sheep 
were documented by historian Jon Steingrimsson after an eruption in 1783.  The extremities of 
sheep became swollen, with bony lumps growing on ribs, jaws, hip bones and legs which 
caused bowing.  These changes are the result of abnormal bone formation on the periosteal 
surface (Shupe & Olson 1983).  It also caused decay of the lungs, liver and heart (Fridriksson 
1983).   
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Period  Region Site 
Withers 
height (cm) 
Reference 
IA 
Orkney Howe 50.9-64.5 Cussans et al. 2007, Smith et al. 1994 
 Pool 55.2-66.2 Cussans et al. 2007 
Shetland Scalloway 58 O‟Sullivan 1998 
Hebrides Dun Vulan 48.3 – 66.2 Mulville 1999 
Norse 
Orkney Snusgar 54 - 60 Ewens and Mainland 2005 
 Pool 53.5-62.6 Cussans et al. 2007 
Iceland Hofstaðir 55 - 70 McGovern et al. 2009 
 Sveigakot 51 - 70 McGovern 2004b 
Greenland GUS 53 - 67 Enghoff 2003 
 
Appendix Table 2.1:  Calculated withers height for archaeological sheep from Iron Age and 
Norse sites in the North Atlantic. 
 
 
 
Settlement Site Status Domestic Birds Cetacea Seal Walrus Caribou 
Western 
V51 2 22.21 5.74 7.57 42.07 0.00 22.40 
GUS 2 40.03 6.24 0.00 26.86 1.04 25.82 
V52a 3 28.01 0.47 1.16 41.18 3.61 25.57 
V54 3 32.28 15.81 0.26 33.69 0.75 17.22 
V35 4 28.63 1.22 0.44 56.05 0.44 13.21 
Eastern 
E29 2 25.45 4.24 2.27 62.12 2.12 3.79 
E17a 2 35.91 2.92 3.20 47.50 2.36 8.11 
E71s 3 47.18 15.08 0.07 36.24 0.02 1.41 
E74 4 52.49 1.74 1.52 42.52 0.22 1.52 
 
Appendix Table 2.2:  Percentage of domestic and wild species recovered at sites from the 
Eastern and Western settlements in Greenland, by different site level (after Degerbol 1936, 
McGovern 1979, McGovern & Bigelow 1976 and McGovern 1981 all cited in McGovern 1985, 
Enghoff 2003, McGovern & Palsdottir 2006 and Smiarowski et al. 2007).  Key: 2 = District chief; 
3 = Bondi; 4 = poor man 
 
 
Appendix 3.1:  Tooth germ formation  
The first stage of tooth germ development is known as the „bud‟ stage.  At this stage the dental 
lamina forms a bud or oval mass of epithelial cells into the mesenchyme (Bath-Balogh & 
Fehrenbach 1997: 66, Ten Cate 1994a).  The mesenchyme cells proliferate around the bud, 
later becoming the dental papilla which is responsible for forming the dentine and pulp.  As the 
development continues the bud becomes indented taking on a „cap‟ like shape (Hillson 1986: 
177). 
 
It is during the „cap‟ stage that the initial formation of the enamel organ, dental papilla and dental 
sac can be seen (Appendix Figure 3.1a) (Bath-Balogh & Fehrenbach 1997: 68).  The epithelial 
growth with its cap shape is called the dental organ and later forms the enamel of the tooth (Ten 
Cate 1994a).  The mesenchymal cells also encapsulate the dental organ forming the dental 
follicle, or sac, which later becomes the supporting tissues the periodontium (Bath-Balogh & 
Fehrenbach 1997: 67). 
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Appendix Figure 3.1:  Diagrammatic representation of the cap and bell stages of tooth 
development (after Stevens & Lowe 1996: 187). 
 
 
Finally in the „bell‟ stage there is further proliferation, differentiation and morphogenesis of the 
structures (Bath-Balogh & Fehrenbach 1997: 70).  The „cap‟ structure becomes more „bell‟ like in 
shape with four distinct cell layers forming in the enamel organ: the inner enamel epithelium, 
outer enamel epithelium, stellate reticulum and the stratum intermedium (Appendix Figure 3.1b) 
(Bath-Balogh & Fehrenbach 1997: 70, Provenza 1988: 115).  The cells of the outer enamel 
epithelium layer form a convex surface (Stevens & Lowe 1996: 187) that serves as a protective 
barrier for the rest of the enamel organ (Bath-Balogh & Fehrenbach 1997: 70).  The cells of this 
layer change shape during this phase from cuboidal to squamoid (Provenza 1988: 115).  The 
inner enamel epithelium is formed of tall columnar cells arranged in a concave layer that later 
differentiate into the enamel secreting cells known as ameloblasts.  Between these layers are 
found the loosely arranged star shaped cells of the stellate reticulum and stratum intermedium, a 
layer two or three cells thick adjacent to the inner enamel epithelium (Stevens & Lowe 1996: 
187).  Where the external and internal enamel epithelium meet, called the cervical loop, the 
Hertwig‟s root sheaf forms, defining the shape of the root (Stevens & Lowe 1996: 187).  At the 
same time the tissues of the dental papilla differentiate into the outer and central cells; the 
former forming the odontoblast cells that produce the dentine matrix and the later forming pulp 
tissue (Bath-Balogh & Fehrenbach 1997: 70-71). Finally, during the late bell stage (Appendix 
Figure 3.1c), the formation of the hard tissues of the tooth occurs, i.e. the enamel and the 
dentine (Ten Cate 1994a). 
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Appendix 3.2:  Morphological differences between sheep and goat 
dentition  
A number of morphological differences have been noted between the dentition of sheep and 
goats which allow for species distinction.  Using modern reference collections researchers such 
as Payne (1985) and Halstead et al. (2002) have refined and determined a set of diagnostic 
criteria for both juvenile and adult dentition.    
 
 
 Juvenile Dentition 
A study by Payne (1985) presented those differences, seen in the lower deciduous third and 
fourth premolars and first molar (in early wear), using both diagrams (Appendix Figure 3.2) and 
descriptions. 
 
Third deciduous premolar (dP3) 
In unworn or slightly worn sheep teeth the metaconid is more distinct (Appendix Figure 3.2b) 
with a ridge running bucco-distally to join the distal part of the tooth.  In goat the metaconid is 
weaker and the ridge connecting it to the rest of the tooth runs more mesially (Appendix Figure 
3.2a).  This distinction is less easy to see as the tooth wears, although in sheep the base of the 
metaconid still projects making that tooth appear more square in comparison to the goats‟ more 
triangular shape (Appendix Figure 3.2c & 2 ).  Less easy to observe is the angle in the lower part 
of the crown in the bucco-mesial corner (Appendix Figure 3.2k) which is more rounded in the 
goats.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
dP3                     dP4       M1 
 
 
Appendix Figure 3.2:  Morphological distinctions between sheep (Ovis) and goat (Capra) for 
mandibular dP3, dP4 and M1 after Payne (1985: 144) 
 
 
Fourth deciduous premolar (dP4) 
In goats this tooth often appears to have more basal swelling especially in the bucco-distal 
corner (Appendix Figure 3.2d) and basal pillars between the middle and distal lobes (Figure 
3.2e).  These features are usually rare in sheep.  There is also a difference in the slope of the 
enamel on the mesial and distal faces, in sheep this is usually at an angle of 60° while in goat 
this is closer to 45° (Appendix Figure 3.2g and f respectively).   
 
Distinction in this tooth can be hampered by wear, cementum and calculus deposition.  Features 
can also be hidden by adjacent teeth and the mandible itself. 
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   Ovis 
  Ovis 
 Capra 
Capra 
First molar (M1) 
Distinctions in the first molar are based on the mesial fold which narrows gradually towards the 
top of the crown in goat (Appendix Figure 3.2 14), while in sheep it narrows just below the top of 
the crown and then widens again (Appendix Figure 3.2j) (Payne 1985). 
 
 
 Adult dentition 
Similar differences were noted in the dentition of adult sheep and goats by Halstead et al. 
(2002).  The most useful criteria were noted on the P3, P4, M1, M2 and M3 teeth, as well as 
differences in the mandible.   
 
 
Third premolar (P3) 
The vertical ridge in the middle of the lingual face was found more clearly stepped in sheep and 
more usually inclined in goats in a distal-mesial direction (Appendix Figure 3.3, P3.1), while the 
vertical ridge on the disto-buccal corner forms a deep hollow in sheep which is shallow in goats 
(Appendix Figure 3.3, P3.2).  In sheep the mesio-buccal corner forms a right angle.  This is more 
open in goats, approaching a straight line (Appendix Figure 3.3, P3.3), however, the corner may 
be rounded or angled in both species.  The general dimensions of the tooth tend to be more 
square in sheep and rectangular in goats. 
 
Fourth premolar (P4) 
Like the third premolar sheep fourth premolars are squarer in sheep and more slender in goat.  
The mesio-lingual corner also has a vertical rib in sheep not typically present in goats (Appendix 
Figure 3.3, P4.1).  Opposite this the mesio-buccal corner is close to a right angle (sometimes 
rounded or with a vertical rib) while in goat this quarter of the tooth forms a more open angle 
(>90°) (Appendix Figure 3.3, P4.2). 
 
 
 
 
 
 
Appendix Figure 3.3:  Morphological distinctions between the permanent teeth and mandibles 
of sheep (Ovis) and goat (Capra) (after Halstead et al., 2002; 548). 
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First (M1) and Second molar (M2) 
For the first and second lower molars the mesial part of the buccal edge is concave in goat 
(Appendix Figure 3.3, M1/2. 1) and convex in sheep (ignoring the projecting flange at the 
corner), while the buccal edge of the disto-buccal cusp angles in a posterior direction in goat but 
is more symmetrical in sheep (Appendix Figure 3.3, M1/2.2).  Together these features tend to 
create a triangular appearance of the buccal edge in goat and more rounded in sheep (Appendix 
Figure 3.3, M1/2.3).  Finally a „caprine pillar‟ is frequently noted on the buccal side of the M1 in 
goats (Appendix Figure 3.32, M1.4). 
 
Third molar (M3) 
Differences between sheep and goat noted in the third molar are similar to those in the other 
molars, as the mesio-buccal cusps is more convex and the centro-buccal cusp is relatively 
symmetrical in sheep (Appendix Figure 3.3, M3.1-3).  The buccal edge of the distal cusp is more 
usually pointed in goat compared with a more rounded appearance in sheep (Appendix Figure 
3.3, M3.4), which has a „flute‟ in the distal end (Appendix Figure 3.3, M3.5).  The flange of the 
mesial side also tends to be broader in sheep and narrow in goat (Appendix Figure 3.3, M.6), 
although this also differs with occlusal wear. 
 
Mandible  
Features were also noted on the mandible distinguishing sheep from goat.  Firstly a foramen 
was more often seen below the P2-4 in sheep but normally absent or anterior to the P2 in goat 
(Appendix Figure 3.3, MD1).  The other criterion is located on the lateral side of the mandible 
posterior to the M3 tooth, where in goats a pronounced hollow that is only slight or absent in 
sheep (Appendix Figure 3.3, MD2). 
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Appendix Table 3.1: Eruption timing of deciduous and permanent dentition in sheep and goats (ages are in months after birth).  NB. Silver based on sheep, Deniz & 
Payne based on female goats; Ewbank data calibrated using Silver; Bullock & Rackham on goats, Noddle on goats (Noddle and Bullock & Rackham give data ranging 
from when first appears above bone surface to just before coming into wear).    
 Silver 1969 
Weinreb & Sharav 
1964 
Ewbank et al. 1964 
Deniz & 
Payne 1982 
Bullock & 
Rackham 
1982 
Noddle 
1974 
 SHEEP GOAT SHEEP SHEEP GOAT GOAT GOAT 
 
Deciduous 
teeth 
Permanent teeth 
Deciduous 
teeth 
Permanent 
teeth 
Deciduous 
teeth 
Permanent 
teeth 
Deciduous 
teeth 
Permanent 
teeth 
Permanent teeth 
Permanent 
teeth 
Permanent 
teeth 
TOOTH 
Modern 
figures 
(improved 
breeds) 
Semi-wild, hill 
sheep, old 
figures (1790) 
Incisors    
 
 
       
Central 0-1 wk 12-18 mths 18 mths 0 15 mths - - - - 9-18 mths 15 mth 24.5 mths 
Middle 0-1 wk 18-24 mths 30 mths 0 21-27 mths - - - - 11-18 mths 24 mths 35 mths 
Lateral 0-2 wks 27-36 mths 42mths 0 27-36 mths - - - - 23-48 mths 31 mths 35 mths 
Canine 0-3 wks 33-48 mths 50 mths 1-3 wks 36-40 mths - - - - 23-48 mths 40 mths 48.5 mths 
Premolars             
2 0-6 wks 21-24 mths 30 mths 3 mths 
17/20-
30mths 
Birth 18-24 mths < 3mths 21 mths 23-24 mths 22 mths 
24.5-36 
mths 
3 0-6 wks 21-24 mths 30 mths 3 mths 
17/20-
30mths 
Birth 18-24 mths < 3mths 18-21 mths 23-36 mths 22 mths 24.5 mths 
4 0-6 wks 21-24 mths 40 mths 3 mths 
17/20-
30mths 
Birth 18-24 mths < 3mths 18-21 mths 23-24 mths 22 mths 24.5 mths 
Molars             
1 Absent 
5mths 
(upper) 
3mths 
(lower) 
6 mths Absent 5-6 mths Absent 3-6 mths Absent 3 mths 4-9 mths 3 mths < 12 mths 
2 Absent 9-12 mths 18 mths Absent 
8/10-12 
mths 
Absent 12mths Absent 12 mths 9-11 mths 11 mths 
12-14.5 
mths 
3 Absent 18-24mths 3-4 yrs Absent 
18/24-30 
mths 
Absent 18-24 mths Absent 15 mths 12-48 mths 25 mths 
24.5-35 
mths 
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 Deniz and Payne, 1982 Silver, 1963 
 
Approximate 
average eruption 
age 
Approximate 
standard 
deviation 
Estimated 
adjustment  for 
males 
Average eruption 
age, male and 
female 
I1 15 mths ± ½ - 1 mth - 1 mth 15 mths 
I2 24 mths ± 1 - 2 mths - 1 mth 21 - 27 mths 
I3 31 mths ± 3 ½ - 4 ½ mths - 2/3 mths 27 - 36 mths 
I4 40 mths ± c. 6 mths ? 36 - 40 mths 
P2 Approx as P4   17/20 - 30 mths 
P3 Approx as P4   17/20 - 30 mths 
P4 22 mths ± 1 - 2 mths - 1 mth 17/20 - 30 mths 
M1 3 mths ± ½ mth same 5-6 mths 
M2 11 mths ± ½ - 1 mth same 8/10 - 12 mths 
M3 25 mths ± 1 - 2 mths - 2/3 mth 18/24 - 30 mths 
 
Appendix Table 3.2:  Approximate ages of tooth eruption in female Angora goats with 
suggested adjustments for males (from Deniz and Payne, 1982: 181) and combined data (Silver, 
1963)  
 
 
Appendix 3.3:  Factors affecting eruption times 
It is not known if castration has an influence on eruption as there is conflicting information.  
Clutton-Brock et al. (1990) noted that Soay castrates reached dental maturity as much as a year 
before the rams examined.  More recently Davis (2000), studying the effects of castration on 
Shetland rams and wethers, showed that there was little, if any, difference in the timing of 
eruption.  
 
Nutrition has been found to influence the process of tooth eruption.  Calcium and calcium-
phosphorus deficiency can result in delayed or slowed eruption of both incisors and molars 
(Franklin 1950, McRoberts et al. 1965a).   It is likely that this is the result of stunting the growth 
of the skull and jaw during development, causing overcrowding and leading to eruption of teeth 
at abnormal angles or difficulty (Franklin 1950).  
 
A study of male and female goats by Deniz & Payne (1982) also showed that there is some sex 
based variation.  Adjustments had to be made for the timings in male goats, as teeth were noted 
to erupt earlier than in females.  It appears that this difference increases with age.  There seems 
to be little or no difference within the first year, up to a month in the second year and up to three 
months in advance of female individuals by the third year (Deniz & Payne 1982, Appendix Table 
3.2).  Like studies of sheep, castration was found not to delay dental eruption in goats. 
 
Finally, there is the question of whether it is satisfactory to apply data from goats and sheep to 
the other, despite their close phylogentic relationship (Moran & O‟Connor 1994) especially as 
there is not much variation in eruption times between the species (Deniz & Payne 1979 in 
Hillson 2005: 231, Moran & O‟Connor 1994).  The exception is that in sheep the M3 erupts 
before the P4 while in goat it is the P4 that is in wear before the M3 (Jones 2006). 
 
Appendix 3.4:  Grant’s ageing system 
The other major ageing system used by archaeozoologists was devised by Grant (1982).  In this 
system each tooth (P4 and M1-3) within the jaw is assigned to a tooth wear stage (TWS) that it 
most closely resembles using the tooth wear diagrams such as presented in Appendix Figure 
3.4.  A numerical value can then be appointed for the mandible based on the sum of the TWS of 
each tooth and the recorded state of eruption (Appendix Figure 3.4).  This value is known as the 
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mandible wear stage (MWS).  The MWS may represent a single permanent molar or a 
combination of several teeth.  Any jaw for which information of eruption or TWS is missing can 
be predicted by comparison to complete molar rows of which the TWS is the same.  These are 
presented as tables based on observations made by Grant (1982: 100-101).  This method is a 
floating system that determines relative stage of wear, not an average age (Zeder 2006). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix Figure 3.4: Grant wear sequence for permanent lower ovicaprine M1 and M2 with 
associated numerical value for calculating molar wear stage (MWS).  Key: C = crypt; V = visible, 
E = erupting; ½ = half erupted and U = unworn (Grant, 1982: 93 & 96). 
 
 
Appendix 3.5:  Comparison of Payne and Grant 
While Payne‟s system can be readily converted to Grant‟s the reverse is not so easy.  When 
comparing converted Grant data to Payne data, caution should be exercised.  This is because 
differences seen when the data is plotted in curves could be due more to differences in the 
recording techniques than mortality profiles (Hambleton 1999).  Despite this, an assessment of 
the two systems shows they are roughly comparable although there are some differences.  
Grant‟s system does not include loose deciduous fourth premolars (dP4) or M3 which would 
preclude the identification of infant deaths and the culling of older individuals in a flock.  There is 
also some overlap between the stages of the two systems, where one Grant MWS may equal 
two adjacent Payne wear stages (Hambleton 1999). Payne (1987) believes this is because 
Grant‟s system uses less wear stage groupings, does not deal with variations in wear states and 
has no definite boundaries between stages.  Hambleton (1999), however, has since developed a 
method for grouping Grant‟s MWS into the broader groupings of Payne‟s age ranges (see Table 
3.3). 
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T.W.S. 
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C 1 
V 2 
E 3 
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Appendix 3.6:  Ageing ovicaprine remains, new subdivisions of Payne 
MWS 
In a recent study, Jones (2006) defined new subdivisions of Payne‟s molar wear stages to allow 
finer ageing for determining seasonality of death especially in the first year of life.  By 
subdividing the categories A to I into smaller age groups and using these groups when plotting 
survivorship curves or by subdividing histogram bars it was shown that subtle differences could 
be revealed while preserving the general pattern.  This is based on observations of live modern 
British sheep of different breeds, including Soay, Shetland and Scottish Blackface.  These 
suggested subdivisions are believed to be small enough, especially in the first year of life, to 
help the understanding of season of death in archaeological studies (Jones 2006).  In a similar 
study of known age individuals, Greenfield and Arnold (2008) discovered that Payne‟s system 
overestimated the age of young sheep less than 6 months of age.  In animals older, however, 
the ages assigned by Payne‟s wear stages were found to be in general agreement but with 
some variation within the age classes.  For this reason Greenfield and Arnold (2008) suggest 
some revisions to Payne‟s MWS for the first 2 years of life.  These are presented in Appendix 
Table 3.3 together with those proposed by Jones (2006). 
 
 
Payne (1973)  Greenfield & Arnold (2008)             Jones (2006) 
Payne    Suggested      Suggested    Suggested            Suggested           Suggested 
MWS age           subdivision of    age                      subdivision of     age           
   Payne MWS               Payne MWS 
A 0-2 mths  A     0-2 mths             A    0-1 mth  
 
B 2-6 mths  B1     2-5 mths             B       1-3 mths 
   B2     5-6 mths      
 
C 6-12 mths C     6-12 mths             C         3-12 mths
  
            C1/2   3-5 mths 
                   C3/4   5-8 mths 
                   C5   6-9 mths 
                   C6+   8-12 mths 
 
D  1-2 yrs                  D                   10-24 mths
   D1     12-15 mths             D1/2   10-13 mths
                   D3/4   12-17 mths 
   D2     16-22 mths             D5   14-20 mths
  
   D3     22-24 mths             D6+   18-24 mths 
 
E 2-3 yrs                  E     20-36 mths 
                   E1/2   20-30 mths 
                   E3+   22-36 mths 
 
F 3-4 yrs                  F     2½- 4½ yrs   
                   F5/8   2½- 4½ yrs   
                   F9/10   3½- 4½ yrs   
 
G 4-6 yrs                  G     4½- 7+ yrs   
                   Ga   4½- e.6½ yrs   
                   Gb   4½- e. 8yrs   
 
H 6-8 yrs                  H     7+ yrs 
 
I 8-10 yrs      
             
Appendix Table 3.3:  Comparison of Payne‟s (1973) eruption and wear stages with suggested 
subdivisions and ages presented by Greenfield & Arnold (2008: 847) and Jones (2006: 177). 
 
 
There were some differences between the proposed subdivisions of Payne‟s MWS in the two 
studies.  In the early stage A there is general agreement with Payne‟s ageing, although Jones 
suggests shortening this group to a few weeks.  By stage B (Payne‟s 2-6 months) there is more 
disagreement as Greenfield and Arnold (2008) divide this stage into two subgroups B1 (2-5 
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months) and B2 (5-6 months) while Jones (2006) suggests a shorter and younger age of 1-3 
months for stage B, putting 3-5 months in stage C 1/2.  Greenfield and Arnold (2008) think that 
this makes the Jones‟ subdivision of stage C too large and unwieldy with its 4 divisions, although 
they do not subdivide C due to limitations on the size of their sample.  In stage D, Jones has four 
sub-stages from 10-24 months while Greenfield and Arnold have three.  Only Jones suggests 
alterations beyond 2 years (MWS D) (see Appendix Table 3.3) as Greenfield and Arnold‟s 
samples are from animals less than 2.5 years.  In general Greenfield and Arnold are subdividing 
Payne‟s MWS but not altering the general ages for these stages.  Jones on the other hand has 
not just made subdivisions but altered in most cases the age ranges, generally lowering the 
youngest age. 
 
The variation between these two studies could be due to breeds, which were not noted in the 
samples of sheep and goat in Greenfield and Arnold‟s samples from Manitoba, Canada.  
Between the different sheep breeds studied by Jones, however, there was general similarity 
between age and wear stage reached.  It is also possible that differences could result from 
methods of collecting data, as Greenfield and Arnold (2008) gathered data from slaughtered 
animals while Jones (2006) had live animals.  Finally, dissimilarity in soil and forage for animals 
reared in Britain and those from Canada could have affected the results, although neither 
samples derived from harsh conditions. 
 
Appendix 3.7:  Factors affecting wear 
 
 Farming Practices 
Firstly the type, length and quantity of pasture affect the rate of wear (Barnicoat 1957).  It has 
also been noted that overgrazing can produce rapid tooth wear (Barnicoat 1957) due to the 
inclusion of larger amounts of soil.  Soil ingestion is the main factor responsible for differences in 
rates of wear.  It was found that phytoliths within the soil cause excessive wear more so than the 
phytoliths within pasture (Healy & Ludwig 1965).  The ingestion of sand by North Ronaldsay 
sheep kept on a diet of seaweed has also been found to affect the rate of wear.  The abrasive 
nature of sand can be seen to create large pitted features in the enamel of the occlusal surface 
and to display unusual macroscopic wear consisting of highly unevenly abraded dentine that 
was chalky in appearance (Mainland 2000a).   
 
Work conducted by Deniz and Payne (1982) on goats revealed lower rates of wear in milk 
incisors during winter than in summer which also highlighted an unexpected difference in the 
rate of wear between incisors and molars in goats.  This was explained by the fact that soil 
particles are separated out fairly early on during the digestive process, so that when chewed by 
the molars the cud would contain appreciably less soil than when grazed, so the wear in molars 
is more dependant on opal phytoliths in the plant than soil.  It is likely also that animals kept on 
different pastures may display different rates of wear (Baker et al. 1959). 
 
 Hereditary factors 
A number of inherited faults in sheep‟s mouths are known to be a cause of rapid wear which can 
be exacerbated by external factors like nutrition and management practices.  Sheep displaying 
signs of brachygnathia, also known as undershot mouths, have a lower jaw shorter the upper 
with the incisors meeting far back on the pad.  This condition is thought to be strongly congenital 
and in these mouths wear occurs fairly quickly (Barnicoat 1957).  Although congenital 
prognathism (overshot jaws), where the lower jaw is long relative to upper jaw, does occur it is 
not as common and is usually caused by proclination, the forward angling of the incisors 
(Barnicoat 1963, Spence & Aitchison 1986).  Proclination resulting in malpositioned incisors 
most often results from periodontal disease (Spence & Aitchison 1986). 
 
 Nutritional Factors 
Sheep fed diets low in calcium tend to suffer from prognathism, apparently caused by the poor 
repair of upper skull in comparison to the mandible.  A deficiency in calcium depressed enamel 
formation, causing the teeth of sheep to erupt slowly and produce defects such as hypoplasia, 
weakening the structure of the tooth leading to rapid wear (McRoberts et al. 1965a, 1965c). The 
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principle cause of excess wear is the reduced formation of enamel (McRoberts et al. 1965c).  A 
diet deficient in phosphorus and vitamin D affects the shape of the mandible, producing a poorly 
mineralised or weak jaw and causing a malocclusion of the molar row which consequently 
prevents the incisor teeth from meeting the dental pad (McRoberts et al. 1965b, Franklin 1950).   
 
Abnormal and irregular wear has also been noted in ewes that had been experimentally 
administered fluoride, especially in lower molars and premolars due to the narrow nature of the 
teeth in relation the their upper counterparts (Milhaud et al. 1987). 
 
 
Appendix 3.8:  Relative wear 
While eruption and wear can be used to age animals it can also be used to assess wear rates.  
By comparing the wear of one tooth in relation to an earlier erupting tooth it can be determined if 
the rate of wear is slower or faster than the average.  A number of studies have presented data 
on the wear of one tooth in relation to another for sheep and goats (Jones 2006: Figure 15, 
Grant 1982: Table 3, Deniz & Payne 1982: 193-96) which can be used to establish whether the 
rate of wear is the result of age or high soil ingestion.  It is especially useful, if the wear rate 
appears to be fast in younger jaws, for judging whether wear in older jaws is the result of wear or 
age (Jones 2006). 
 
This is important as differences in the rate of wear seen between sheep and goats, is most likely 
the result of differences in the diet between these species.  It is most noticeable in the dP4, in 
which goats were observed to reach later wear stages (like 16L) earlier than in sheep (Jones 
2006). 
 
 
Appendix 3.9:  Schmelzmuster 
The final level of enamel structure is schmelzmuster, the three-dimensional organisation of 
enamel types, the literal translation of which means enamel pattern (Koenigswald & Clemens 
1992).  It is rare to find the prismatic enamel of a mammalian tooth with only one enamel type 
throughout.  There are usually two or more present (Koenigswald & Clemens 1992), either in 
layers from the DEJ to the outer surface or differing from the top to the bottom of the crown 
(Koenigswald & Sander 1997) which can be sharply delineated (layers) or with transitional areas 
(zones) (Koenigswald et al. 1994 mentioned in Koenigswald 1997b).  The pattern of distribution 
of schmelzmuster in enamel has been shown to be relatively consistent with little individual 
variation between families of mammals, such that schmelzmuster have been used to understand 
evolutionary inter-relationships (Clemens 1997). 
 
 
Appendix 3.10:  Internal structures of enamel 
 
 Enamel spindles 
Enamel spindles are short dentinal tubules that can be seen in the internal enamel and are 
caused by odontoblasts projecting between secreting ameloblasts, dentinal collagen or 
remnants of dead ameloblasts before it mineralises (Shore et al. 1995).  These tubules become 
trapped in the newly deposited enamel matrix.  They are especially noticeable at the tip or cusp 
of a tooth (Bath-Balogh & Fehrenbach 1997: 171) and can be seen in both longitudinal and 
transverse sections varying in length from 10-250µm (Shore et al. 1995). 
 
 Enamel tufts 
These features are seen at the DEJ in the inner third of enamel and appear as “small dark 
brushes” or tufts (Appendix Figure 3.5).  They are formed as a result of crystallisation anomalies 
and are best seen in transverse sections viewed in transmitted light (Bath-Balogh & Fehrenbach 
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1997: 171).   They are poorly mineralised segments of prism, rich in the protein found within the 
prism sheath (Moss-Salentijn et al. 1997) 
 
 
Appendix Figure 3.5:  Transverse section of sheep molar showing enamel tufts and enamel 
lamella.  Also visible are brown striae of Retzius running around the enamel at various widths 
and intensities. Image taken at x20 magnification (Hebj2m2).  Key: E = enamel; D = Dentine; C 
= cementum; Tuft = white arrows; lamella = black arrow. 
 
 
 Enamel lamellae 
Another anomaly of the crystallisation process is the enamel lamellae.  These also start at the 
DEJ but unlike the tufts are longer and narrower, extending to the enamel surface.  The partly 
calcified sections of enamel are usually found in more cervical enamel (Bath-Balogh & 
Fehrenbach 1997: 171).  It is thought that these are structural faults seen in transverse sections 
to run through the thickness of the enamel (Appendix Figure 3.5) and are created during 
development or with age during use (Shore et al. 1995). 
 
 
Appendix 4.1:  Other types of defects identified in humans and primates 
 
 Localized Hypoplasia of the Primary Canine (LHPC)  
This type of defect is a variety of the plane type, characterised by a roughly circular area of 
thinned or defective enamel forming a flattened or concave pit on the midlabial surface of canine 
teeth found in human and nonhuman primates (Halcrow & Tayles 2008, Skinner & Newell 2003).  
Unlike LEH this type of hypoplasia is non-linear and is restricted to the labial surface of 
deciduous canine teeth (Lukacs 1999), suggesting differences in the aetiology.  LHPC is 
believed to be caused by mild physical trauma to ameloblasts of the unerupted primary canine 
(probably self inflicted by the infant) through the facial wall of the crypt due to a thinning of the 
bone.  This may be attributed to a diet deficient in vitamin A (Skinner & Newell 2003, Skinner 
1996).  It is, therefore, thought that LHPC reflect, singularly or combined, the effects of 
malnutrition and infection on bone formation (Skinner 1996). 
 
 Inter-Proximal Contact Enamel Hypoplasia (IPCH) 
Inter-proximal contact enamel hypoplasia has been observed in human dentition on the distal 
aspect of the canine tooth.  Although this type has not been formally described it is thought to 
D 
C 
E 
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result from the pre-eruptive contact of the primary canine with the deciduous first molar “through 
a hole in the septum between neighbouring crypts” (Skinner 1996: 836).  
 
 Cuspal Enamel Hypoplasia (CEH)   
The term cuspal enamel hypoplasia (CEH) was coined by Ogden et al. (2007) to describe the 
malformation of molars seen in skeletons from the post-medieval cemetery of Broadgate in 
London.  This described a type of hypoplasia seen as “a combination of irregular plane-form 
defects with extensive and irregular nonlinear pitting”, that commences at the beginning of the 
tooth development disrupting normal cusp formation and causing the creation of small cusps on 
the occlusal surface (Ogden et al. 2007: 964).  Unlike the other forms of hypoplasia, CEH can be 
seen in the appositional zone of molars in which 40-50% of enamel in this region is buried in 
humans (Appendix Figure 4.1). 
 
 
 
 
Appendix Figure 4.1:  The different types of enamel hypoplasia seen on molars (after Ogden et 
al. 2007: 964).  Note that with all types of hypoplasia the cervical third of the enamel, 
demarcated here as below the dotted line, is not as greatly affected. 
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Appendix Figure 4.2:   Factors influencing the appearance of developmental defects in dental 
enamel and differences in appearance by aetiology (after Suckling 1986: 70, Suckling 1989: 89). 
 
 
Appendix 4.2:  Classification of cementum  
Cementum can be classified by its development (intermediate and precement or cementoid) and 
histological structure, as acellular or cellular cement (Lieberman & Meadow 1992, summarised 
in Appendix Table 4.1).  These categories can then be further subdivided depending on whether 
the collagen fibres within the cement type are extrinsic, intrinsic or mixed (Freeman 1994, 
Lieberman & Meadow 1992).   
Increase in duration & no. cells affected 
ACUTE INTERMEDIATE 
Secretory 
cells 
Secretory 
cells 
Maturation 
cells 
Variation in 
amount of 
enamel 
missing 
Hypoplasia 
Variation in colour, 
depth and degree of 
hypomineralisation 
Demarcated opacities 
CHRONIC 
Secretory & 
maturation cells 
Variation in depth 
and degree of surface 
hypomineralisation 
Diffuse opacities 
 Caused by local inflammation/trauma 
 Affects single teeth 
 Affected areas soft and chalky white 
 Caused by local inflammation/trauma 
 Affects single teeth 
 Affected areas soft and chalky white 
 Caused by metabolic disturbances 
 Symmetrical teeth affected 
 Enamel defects circular grooves, 
rows of pits, single or multiple 
 Enamel matrix formation affected at 
time of disturbance 
 Caused by high fluorine ingestion 
 Affects all teeth maturing during 
period of fluoride intake 
 Affected areas mottled chalky white 
or yellow/brown 
LOCAL 
HEREDITARY 
SYSTEMIC 
 Affects all teeth 
 Crowns yellow and glossy 
 Affects all teeth 
 Crowns dark brown and dull 
 Enamel soft and quickly lost to 
mechanical stresses 
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 Intermediate cementum/ Affibrillar cement  
This intermittent layer, approximately 10-20µm thick, is formed against the granular layer of 
Tomes of the dentine before other cementum is deposited (Lieberman & Meadow 1992), is 
difficult to distinguish at the cement dentine junction (CDJ) and can not be seen by light 
microscopy (Hillson 2005: 196).  While it is acellular in nature it is generally devoid of collagen 
fibres.  The non-collagenous protein in this cement is thought to be important in activating and 
controlling cementoblasts in the following production of cement.  This layer is formed before the 
tooth is fully erupted and in wear (Lieberman & Meadow 1992).  A similar layer is deposited 
directly onto the surface of mineralising enamel in bovine molars after the disintegration of the 
reduced enamel epithelium (Ainamo 1970).  
 
 Cementoid 
Cementoid is a granular layer between the periodontal ligament and the main body of 
cementum, comprising of premineralised cement.  This cement is rich in fibres, ground matrix 
and non-collagenous proteins and is thought to regulate the formation of cementum, as it is 
deposited (Lieberman & Meadow 1992) and later initiate the process of matrix maturation 
(Provenza 1988: 199).  Although it is not necessarily found on all parts of the root covered in 
cementum (Lieberman & Meadow 1992), this tissue persists for the life of the tooth as the most 
recently formed layer (Provenza 1988: 199). 
 
 Acellular & Cellular 
The two main types of cementum, cellular and acellular, result from different growth processes 
(Lieberman 1994) and are recognised based on the presence or absence of cells.  Acellular 
cement extends from the CEJ to the root apex and contains collagen mainly in the form of 
Sharpey‟s fibres (Carlson 1990).  As this matrix is laid down relatively slowly cementoblasts do 
not become entrapped in the tissue but remain on its surface. The main function of this tissue is 
to stabilise the tooth within the alveolar bone.  Its continued deposition is, therefore, required to 
compensate for any movement of the tooth within the jaw due to occlusion (Landon 1993). 
 
Cellular cementum is deposited more rapidly and therefore many cementoblasts are trapped in 
the matrix which eventually die leaving voids in the cement known as lacunae (Lieberman & 
Meadow 1992), between 7-20µm in diameter (Hillson 2005: 194, Osborn & Ten Cate 1983: 154). 
This cement also contains little or no extrinsic fibres.  It is most often deposited at the apical end 
of the root in thick sections.  The function of this type of cement is believed to be to fill the void 
between the roots as the tooth erupts (Lieberman & Meadow 1992).  
 
Cellular and acellular cementum can be further subdivided into three main categories: extrinsic 
fibre, mixed fibre and intrinsic fibre cement.  These cement types are classified by the presence 
or absence of cementocytes and extrinsic or intrinsic collagen fibres (Hillson 2005: 195, 1986: 
162, Osborn & Ten Cate 1983: 150).  
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Type Location Function Characteristics 
Cementoid/ 
precementum 
Growth surface, 
between cementum 
and periodontal 
ligament on roots 
Regulates 
cementogenesis? 
Premineralized 
cementum rich in fibres, 
ground matrix and non-
collagenous proteins 
Intermediate/ 
afibrillar 
cementum 
Between Granular 
Layer of Tomes 
and first 
acellular/cellular 
cementum layer 
First cementum 
formed 
Heavy mineralised, 
generally devoid of 
collagen fibres, 
contains no 
cementocytes 
Acellular 
cementum 
Coronal end of root 
Attach root to 
periodontal ligament 
 
Compensate for tooth 
movement 
- Deposited slowly 
- Absence of   
cementocytes or 
lacunae 
- Rich in extrinsic 
collagen fibres 
- Seasonally deposited 
Cellular 
cementum 
Apical end of root/ 
molar pad 
Some on coronal 
surface of 
ungulates 
Filling voids between 
roots and periodontal 
ligament 
 
Minimising movement 
of tooth in jaw 
- Deposited rapidly 
- Less mineralised  
- Contains 
cementocytes or 
lacunae 
- Incremental but not   
clearly seasonal 
 
Appendix Table 4.1: Descriptions of the location, function and characteristics of the different 
types of cementum (after Lieberman & Meadow 1992, Landon 1993). 
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Defect Category 
Code 
(deciduous/
permanent) 
A. Type of Defect  
Normal A/0 
Opacity  
White/cream B/1 
Yellow/brown C/2 
Hypoplasia  
Pits D/3 
Grooves 
(horizontal) 
E/4 
Grooves (Vertical) F/5 
Missing enamel G/6 
Discoloured enamel H/7 
Any other defect I/8 
B. Number or 
demarcation 
 
Single A/1 
Multiple B/2 
Diffuse opacities  
(paralleling perikymata) 
C/3 
Diffuse patchy 
opacities 
D/4 
C. Location of defect  
Gingival half of crown 1 
Incisal half of crown 2 
Gingival and incisal 
halves 
3 
Occlusal 4 
Cuspal 5 
Whole surface 6 
Other combinations 7 
 
Appendix Table 4.2: Scoring codes for Developmental Defects of Enamel (DDE - Federation 
Dentaire Internationale) presented in the Commission on Oral Health (1982). 
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COUNTRY SITE No. DIET EAT DIET WEANED 
WEANING 
AGE 
WINTER  
WINTER 
DIET 
ORKNEY 
HOA 4 S YR  
 
OUT S 
TWIG 2 S YR  
 
OUT S 
NBN 1 SG 5 MTH = G  
 
OUT SG 
SWN 1 SG 5 MTH = G   OUT SG 
ROU 8 G YR  5-6 MTHS OUT G 
ICELAND 
GAR 4 G YR  4-5 MTHS -  
GAUT 4 G YR  4-5 MTHS -  
GREENLAND UP 8 G YR  5-6 MTHS 4 IN 
4 OUT 
HAY 
G 
GREECE PLIK 8 L&GH 3 MTH = SUP  2-3+ MTHS IN L&GH/ 
SUP 
 
Appendix Table 5.1:  Details of the modern samples for hypoplastic study 
Key: HOA = Holm of Aikerness, TWIG = Twigness; SWN = near Twigness; NBN = Bay of 
Nouster; ROU = Rousay; GAR = Garδur; GAUT = Gautlönd; UP = Upernaviarsuk; S = seaweed, 
SG = seaweed and grass; G = grass; L&GH = leafy and grassy-hay, SUP = supplemented with 
grains and bran, YR = year round 
 
 
SITE JAW REF 
AGE AT  
DEATH 
SPECIES SEX SIDE TOOTH HYP 
HOA 
1 ADULT OVIS U L M2  
2 1-2 YRS OVIS U L M1  
3 ADULT OVIS U L M1  
4 ADULT OVIS U R M1  
TWIG 
1 ADULT OVIS M R M1  
5 YOUNG ADULT OVIS M R M1  
NBN 1 YOUNG ADULT OVIS F R M1  
SWN 2 YOUNG ADULT OVIS U R M1  
ROU 
1 1-2 YRS OVIS U R M1  
2 1-2 YRS OVIS U R M1  
3 1-2 YRS OVIS U R M1  
5 1-2 YRS OVIS U R M1  
13 1-2 YRS OVIS U R M1  
14 1-2 YRS OVIS U R M1  
16 1-2 YRS OVIS U R M1  
17 1-2 YRS OVIS U R M1  
 
Appendix Table 5.2:  Age at death and other details of modern histological samples from 
Orkney 
Key: HOA = Holm of Aikerness, TWIG = Twigness; SWN = near Twigness; NBN = Bay of 
Nouster; ROU = Rousay; ovis = sheep, M = male, F = female, U = unknown, (side is mandible), 
hyp = macroscopic hypoplasia. 
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COUNTRY SITE JAW REF 
AGE AT  
DEATH 
SPECIES SEX SIDE TOOTH HYP 
ICELANDIC 
GAR 
4 6-12 MTH OVIS U R M1  
13 6-12 MTH OVIS U R M1  
17 6-12 MTH OVIS U R M1  
19 6-12 MTH OVIS U R M1  
GAUT 
5 6-12 MTH OVIS U R M1  
6 6-12 MTH OVIS U R M1  
8 6-12 MTH OVIS U R M1  
23 6-12 MTH OVIS U R M1  
GREENANDIC UP 
41 8-9 MTH OVIS C R M1  
42 8-9 MTH OVIS C R M1  
50 8-9 MTH OVIS C R M1  
54 8-9 MTH OVIS C R M1  
62 8-9 MTH OVIS C R M1  
78 8-9 MTH OVIS C R M1  
82 8-9 MTH OVIS C R M1  
87 8-9 MTH OVIS C R M1  
 
Appendix Table 5.3:  Age at death and other details of modern histological samples from 
Iceland and Greenland 
Key: GAR = Garδar, GAUT = Gautlönd, UP = Upernaviarsuk, ovis = sheep, M = male,  
F = female, U = unknown, C = castrate, (side is mandible), hyp = macroscopic hypoplasia. 
 
 
 
 
SITE JAW REF 
AGE AT  
DEATH 
SPECIES SEX SIDE TOOTH HYP SUCKLING 
PLIK 
8 7 MTH CAPRA U R M1   
10 4 MTH CAPRA U R M1   
11 7 MTH CAPRA U R M1   
12 6 MTH OVIS U R M1   
13 7 MTH OVIS U R M1  ? 
14 6 MTH CAPRA U R M1   
15 12 MTH OVIS U R M1   
18 4 MTH CAPRA U R M1  ? 
 
Appendix Table 5.4:  Age at death and other details of modern histological samples from 
Greece 
Key: PLIK = Plikati, ovis = sheep, capra = goat, M = male, F = female, U = unknown, 
(side is mandible), hyp = macroscopic hypoplasia
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Tooth 
Ref 
Known 
Age 
Wear 
Stage 
Payne Age dp2 dp3 dp4 P2 P3 P3 M1 M2 M3 
GAR/04 5 MTH C 6-12 m W W 16L    5A C Ø 
GAR/13 5 MTH C 6-12 MTH W W 14L    5A C Ø 
GAR/17 5 MTH C 6-12 MTH W W 14L    3C C Ø 
GAR/19 5 MTH C 6-12 MTH W W 14L    2A C Ø 
GAUT/05 5 MTH C 6-12 MTH W W 14L    6A C Ø 
GAUT/06 5 MTH C 6-12 MTH W W 14L    6A C Ø 
GAUT/08 5 MTH C 6-12 MTH W W 14L    6A C Ø 
GAUT/23 5 MTH C 6-12 MTH W W 14L    5A C Ø 
UP/41 8-9 MTH C 6-12 MTH W W 14L    7A V Ø 
UP/42 8-9 MTH C 6-12 MTH W W BR    7A E Ø 
UP/50 8-9 MTH C 6-12 MTH W W 14L    7A V Ø 
UP/54 8-9 MTH C 6-12 MTH W W 14L    6A C Ø 
UP/62 8-9 MTH C 6-12 MTH W W 14L    6A C Ø 
UP/78 8-9 MTH C 6-12 MTH W W 16L    6A C Ø 
UP/82 8-9 MTH C 6-12 MTH W W 14L    7A C Ø 
UP/87 8-9 MTH C 6-12 MTH W W 14L    6A C Ø 
ROU/01 18 MTH D 12-24 MTH W W 16L    9A 7A C 
ROU/02 18 MTH D 12-24 MTH W W 14L    9A 7A E 
ROU/03 18 MTH D 12-24 MTH PM W 14L    9A 6A C 
ROU/05 18 MTH D 12-24 MTH W W 19L    9A 6A E 
ROU/13 18 MTH D 12-24 MTH W W 20L    9A 7A E 
ROU/14 18 MTH D 12-24 MTH W W 14L    9A 7A C 
ROU/16 18 MTH D 12-24 MTH W W 14L    9A 6A C 
ROU/17 18 MTH D 12-24 MTH W W 14L    9A 5A C 
HOA/01 unknown G ADULT    PM PM PM BR 9A 11G 
HOA/02 unknown D 12-24 MTH PM W 14L    9A 7A ½ E 
HOA/03 unknown G ADULT    PM W 12S 9A 9A 11G 
HOA/04 unknown D ADULT  W  C  E 8A/9A 7A ½ E 
Appendix Table 5.5: Payne wear stage data, sex and weaning age of modern samples examined as part of the histology study   
Key: BR = broken,  
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Tooth 
Ref 
Known 
Age 
Wear 
Stage 
Payne Age dp2 dp3 dp4 P2 P3 P3 M1 M2 M3 
SWN/05 unknown C Y. ADULT PM W 14L    8A E Ø 
NBN/01 unknown F Y. ADULT    PM W 7A/8A 9A 9A 10G 
TWIG/01 unknown G ADULT    PM W 9A 9A 9A 11G 
TWIG/05 unknown E Y.ADULT    W W 8A 9A 9A 5B- 7A 
PLIK/08 7 MTH B 2-6 MTH PM W 13L    0 /1B C Ø 
PLIK/10 4 MTH C 6-12 MTH W W 14L    5A V Ø 
PLIK/11 7 MTH C 6-12 MTH U W 13L    4C C Ø 
PLIK/12 6 MTH C 6-12 MTH U W 14L    5A C Ø 
PLIK/13 7 MTH C 6-12 MTH U W 14L    5A C Ø 
PLIK/14 6 MTH C 6-12 MTH U W 14L    5A V Ø 
PLIK/15 12 MTH D 12-24 MTH W W PM    9A 2A Ø 
PLIK/18 4 MTH C 6-12 MTH U W 13L    4A V Ø 
 
Appendix Table 5.5 cont.: Payne wear stage data, sex and weaning age of modern samples examined as part of the histology study   
Key: BR = broken  
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Appendix Figure 5.1: Map of Iceland marking the location of the archaeological sites and 
modern farms from which the histological samples derive. 
 
 
 
 
 
 
Appendix Figure 5.2:  Map of Greenland showing where the modern Greenlandic sample 
sheep were raised. 
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Country Sample  side 1 2 3 4 5 6 7 8 9 10 11 
ICELAND 
GAR/04 R 16.38 5.83 6.79 NF NF NF NF NP NP NR NR 
GAR/13 R 16.64 5.81 6.82 NF NF NF NF NP NP NR NR 
GAR/17 R 15.63 5.89 6.08 NF NF NF NF NP NP NR NR 
GAR/19 R 16.23 6.09 6.46 NF NF NF NF NP NP NR NR 
GAUT/05 R 18.14 7.41 7.53 NF 29.27 NF 29.74 NP NP NR NR 
GAUT/06 R 15.8 6.08 6.34 NF 28.61 NF 26.06 NP 9.7 NR NR 
GAUT/08 R 16.12 6.08 6.09 NF 29.67 NF 29.62 NP 10.26 NR NR 
GAU/23 R 15.95 5.96 6.45 NF NF NF 30.39 NP NP NR NR 
ORKNEY 
HOA/01 L 13.42 7.92 8.09 12.76 11.41 13.73 14.83 11.18 11.09 21.39 22.9 
HOA/02 L 13.33 6.23 6.3 25.57 23.35 26.23 25.28 9.33 8.51 NR NR 
HOA/03 L 11.44 6.97 6.59 15.82 15.51 16.07 14.81 8.6 7.58 25.78 27.06 
HOA/04 R 12.5 5.69 5.91 NP NP NP NP NP NP NP NP 
NBN/01 R 11.95 6.52 7.29 18.49 16.88 16.98 16.22 9.13 9.27 27.48 29.04 
SWN/05 R 15.66 5.1 5.4 NP 25.7 NP B NP NP NP NP 
TWIG/01 R 11.14 6.54 7.22 13.02 12.18 13.04 12.65 9.04 8.51 22.1 23.21 
TWIG/05 R 12.18 6.77 7.25 18.63 18.93 17.81 18.03 8.96 9.56 26.88 28.43 
ROU/01 R 13.81 6.37 6.54 21.8 22.29 21.3 20.89 9.12 9.15 31.37 32.81 
ROU/02 R 14.15 7.35 7.02 NP 21.82 NP 22.36 NP NP RC RC 
ROU/03 R 15.16 7.49 7.56 18.63 18.93 17.81 18.03 8.96 9.56 26.88 28.43 
ROU/05 R 14.08 7.16 7.08 22.6 NP 20.77 NP 9.32 NP NR NR 
ROU/13 R 14.45 7.5 7.11 NF NF NF NF NP NP NR NR 
ROU/14 R 13.42 6.93 7.36 23.52 23.23 22.1 21.92 9.18 9.33 30.26 NF 
ROU/16 R 16.32 7.77 8.01 NF NF NF NF NP NP RC RC 
ROU/17 R 15.01 7.16 7.33 26.06 25.95 26.72 25.39 9.24 9.83 RC RC 
 
 
Appendix Table 5.6: Tooth measurements of modern samples, following methods outlined in Figure 5.6  
Key: NF = not finished forming, NP = not possible, NR = no roots 
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Country Sample Side 1 2 3 4 5 6 7 8 9 10 11 
GREENLAND 
UP/41 R 14.72 6.51 5.64 27.81 28.39 25.79 27.21 9.78 10.51 NR NR 
UP/42 R 15.89 6.64 5.92 29.61 29.4 28.84 29.27 9.87 9.99 NR NR 
UP/50 R 15.69 5.83 6.57 NP 29.88 NP 27.51 NP NP NP NP 
UP/54 R 16.95 6.96 6.74 30.16 31.66 29.48 31.78 9.16 9.64 NR NR 
UP/62 R 17.17 6.44 7.5 33.66 31.66 32.2 31.38 10.07 9.82 NR NR 
UP/78 R 16.23 5.95 6.95 NP NP NP NP NP NP NP NP 
UP/82 R 15.4 6.43 5.72 28.01 27.85 25.39 26.2 10.58 9.8 NR NR 
UP/87 R 15.64 6.84 6.35 30.02 31.76 29.36 30.17 9.23 9.24 NR NR 
GREECE 
PLIK/08 R 16.98 5.86 5.76 NP NP NP NP NP NP NR NR 
PLIK/10 R 16.61 6.05 5.43 broken broken broken broken NP NP NR NR 
PLIK/11 R 15.3 5.49 5.79 NP NP NP NP NP NP NR NR 
PLIK/12 R 16.01 6.13 5.94 NP NP NP NP NP NP NR NR 
PLIK/13 R 14.67 5.52 5.4 NP 29.53 NP 30.12 NP NP NR NR 
PLIK/14 R 16.84 6.22 5.78 NP NP NP NP NP NP NR NR 
PLIK/15 R 17.32 7.79 7.45 NP NP NP NP NP NP 36.49 38.46 
PLIK/18 R 15.77 6.3 5.88 NP 30.93 NP 30.78 NP 9.99 NR NR 
 
Appendix Table 5.6 cont.  Tooth measurements of modern samples, following methods outlined in Figure 5.6    
Key: NF = not finished forming, NP = not possible, NR = no roots 
 
 
 SD dP2 dP3 dP4 P2 P3 P4 M1 M2 M3 
Payne 
stage 
Age 
Jaw 1 L    PM W 9A 9A 9A 7G F 3-4 yr 
Jaw 2 R    V ½ E ½ E 9A 9A 5A E 2-3 yr 
Jaw 3 L    PM PM 14S 12A 9A 11G G 4-6 yr 
Heb 1 R AM W 18L    9A 5A E D 1-2 yr 
Heb 2 L    PM PM 12S 12A 9A 11G G 4-6 yr 
Heb 3 L    PM PM PM 15A 15A 14G I 8-10 yr 
 
Appendix Table 5.7:  Payne wear stage data and age for the modern practice teeth sectioned as part of the histological methodology 
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Jaw SD WS 1 2 3 4 5 6 7 8 9 10 11 
Heb 1 R 
 
14.18 7.00 7.15 21.72 19.08 20.44 22.52 6.41 7.00 9.46 9.30 
Heb 2 L 
 
11.60 8.25 7.45 14.13 11.46 10.05 12.39 7.60 6.05 10.90 10.72 
Heb 3 L 
 
9.97 6.87 6.43 7.26 5.37 6.72 7.37 6.40 5.48 9.85 9.89 
 
Appendix Table 5.8:  Measurements of the 3 Hebridean practice teeth, following methods outlined in Figure 5.6 
 
 
SITE CXT SF # TR M1/2 SD LT/ J WS Root 1  2 3 4 
SNUS/04 1023   M1/2 R LT 
 
<1/2 14.31 7.02 6.54 32.18 
SNUS/04 1056   M1 L J 
 
NF 15.3 4.94 4.85 * 
SNUS/04 1012   M1 R J 
 
NF 13.25 6.52 6.33 * 
SNUS/04 1012   M2 R J 
 
NF 15.19 7.1 5.43 * 
SNUS/04 1006   M1 R J 
 
B 15.74 4.88 5.95 * 
SNUS/04 1015   M1/2 L LT 
 
NF 16.36 6.41 5.31 B 
SNUS/04 1015   M1 R J 
 
* 11.1 6.52 6.9 * 
SNUS/04 1015   M2 R J 
 
* 13.74 8.03 7.44 * 
SNUS/04 1002   M1 L J 
 
B 14.42 5.42 4.94 B 
 
Appendix Table 5.9:  Measurements of loose archaeological teeth from archaeological sites used to determine the dimensions of the mould 
(section 5.2.2.3.2).  Key: SNUS = Snusgar, MH = Mine Howe, HOF = Hofstaðir and SVK = Sveigakot; CXT = context, SF # = small finds number, 
TR = trench, M1/2 = first or second molar, SD = side, LT/J = loose tooth or jaw, WS = Payne wear stage, NF = not formed, B = broken, F = 
formed, NC = nearly complete 
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SITE CXT SF # TR M1/2 SD LT/ J WS Root 1  2 3 4 
SNUS/04 1012   M1/2 L LT 
 
B 16.4 5.07 5.28 24.56 
SNUS/04 1021   M1/2 L LT 
 
<1/2 15.09 6.86 6.79 24.47 
SNUS/04 1021   M1/2 R LT 
 
1/2 14.6 7.05 6.46 27.54 
SNUS/04 1013   M2 L J B * 15.05 7.08 6.41 * 
SNUS/04 1005   M1 L J 
 
* 14.31 4.87 4.93 * 
SNUS/04 1028   M1/2 L LT 
 
F 16.57 5.95 5.28 33.26 
SNUS/04 1028   M1/2 R LT 
 
<1/2 14.78 6.12 5.81 27.25 
SNUS/04 1028   M1 L J 
 
* 12.93 6.35 6.16 * 
SNUS/04 1023   M1/2 R LT 
 
1/2 13.39 B B 21.7 
SNUS/04 1023   M1/2 R LT 
 
F 16.55 6.06 5 33.66 
SNUS/04 sl ong   M1 L J 
 
* 8.95 6.48 6.68 * 
SNUS/04 sl ong   M2 L J 
 
* 12.32 7.61 7.53 * 
SNUS/04 sl ong   M1/2 L LT 
 
NC 13.25 7.04 7.42 17.7 
SNUS/04 sl ong   M1/2 L LT 
 
<1/2 16.09 7.25 6.58 30.04 
MH 179 4 E M1/2 R LT 
 
F 14.15 6.38 5.89 32.12 
MH 179  E M1/2 L LT 
 
>1/2 13.47 7.01 7.59 26.64 
             
Appendix Table 5.9 (cont.):  Measurements of loose archaeological teeth from archaeological sites used to determine the dimensions of the 
mould (section 5.2.2.3.2).  Key: SNUS = Snusgar, MH = Mine Howe, HOF = Hofstaðir and SVK = Sveigakot; CXT = context, SF # = small finds 
number, TR = trench, M1/2 = first or second molar, SD = side, LT/J = loose tooth or jaw, WS = Payne wear stage, NF = not formed, B = broken,  
F = formed, NC = nearly complete 
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SITE CXT SF # TR M1/2 SD LT/ J WS Root 1  2 3 4 
MH 134  E M1/2 L LT 
 
F 13.5 6.97 7 B 
MH 134  E M1/2 R LT 
 
<1/2 15.11 7.32 6.65 36.89 
MH 106  E M1/2 L LT 
 
B 14.28 5.04 5.01 B 
MH 102  E M1/2 R LT 
 
B 13.21 6.9 B B 
MH 102  E M1/2 R LT 
 
B 15.11 6.81 6.36 B 
MH 102  E M1/2 R LT 
 
>1/2 10.05 7.22 6.94 23.61 
MH 102  E M1/2 R LT 
 
B 12.27 6.68 6.94 B 
MH 105  E M1/2 R LT 
 
B 15.47 6.59 B * 
MH 105  E M1/2 R LT 
 
B 14.9 5.79 5.88 B 
MH 105  E M1/2 L LT 
 
B 12.58 6.26 6.83 * 
MH 1096 8781 G M1/2 R LT 
 
B 13.47 6.02 5.09 B 
MH 1096 8781 G M1/2 R LT 
 
B 13.59 5.96 5.69 B 
MH 734 6665 E M1 L LT 
 
F 13.15 5.89 5.87 27.75 
MH 734 6873 E M2 L J 
 
* 12.12 6.85 7.11 * 
MH 734 6873 E M1/2 L LT 
 
* 15.4 5.92 5.89 * 
MH 1034 6773 G M2 L LT 
 
F 13.99 6.26 6.18 B 
             
Appendix Table 5.9 (cont.):  Measurements of loose archaeological teeth from archaeological sites used to determine the dimensions of the 
mould (section 5.2.2.3.2).  Key: SNUS = Snusgar, MH = Mine Howe, HOF = Hofstaðir and SVK = Sveigakot; CXT = context, SF # = small finds 
number, TR = trench, M1/2 = first or second molar, SD = side, LT/J = loose tooth or jaw, WS = Payne wear stage, NF = not formed, B = broken,  
F = formed, NC = nearly complete 
 6
0
  
 
SITE CXT SF # TR M1/2 SD LT/ J WS Root 1  2 3 4 
MH 1040 6628 G M2 R J 
 
F 16.03 6.12 5.83 * 
MH 1040 6848 G M1/2 R LT 
 
F 13.51 7.12 6.45 * 
MH 1040 6629 G M1/2 R LT 
 
F 13 6.41 6.4 27.21 
MH 1030 6453 G M1/2 R LT 
 
B 15.04 6.06 5.61 B 
MH 713 30 E M1/2 L LT 
 
F 16.6 7 5.89 * 
MH 1005 5164 G M1/2 R LT 
 
F 13.79 5.79 5.78 31.64 
MH 1005 5148 G M1/2 R LT 
 
>1/2 13.8 8.3 8.16 32.56 
MH 1005 5148 G M1/2 L LT 
 
B 15.88 7.1 6.28 B 
MH 1005 5216 G M2 L LT 
 
F 17.16 6.8 6.5 B 
SVK  555  M1 R J 
 
* 14.88 6.12 5.36 * 
SVK  933  M1 L J 
 
* 14.08 5.72 5.43 * 
SVK  295  M1 R J 
 
* 13.94 7.87 8.32 * 
SVK  295  M2 R J 
 
F B 6.83 B * 
SVK  504  M1 R J 
 
* 13.31 6.62 6.59 * 
SVK  292  M1 R J 
 
* 13.51 7.24 7.14 * 
SVK  292  M2 R J 
 
* 16.28 6.37 5.29 * 
             
Appendix Table 5.9 (cont.):  Measurements of loose archaeological teeth from archaeological sites used to determine the dimensions of the 
mould (section 5.2.2.3.2).  Key: SNUS = Snusgar, MH = Mine Howe, HOF = Hofstaðir and SVK = Sveigakot; CXT = context, SF # = small finds 
number, TR = trench, M1/2 = first or second molar, SD = side, LT/J = loose tooth or jaw, WS = Payne wear stage, NF = not formed, B = broken,  
F = formed, NC = nearly complete
 6
1
  
 
SITE CXT SF # TR M1/2 SD LT/ J WS Root 1  2 3 4 
SVK  944  M1 R J 
 
* 14.07 5.53 5.66 * 
SVK  949  M1 R J 
 
* 15.25 7.65 6.97 * 
SVK  949  M2 R J 
 
* 16.05 6.12 5.73 * 
SVK  939  M1 R J 
 
* 11.28 6.67 6.75 * 
SVK  913  M1 R J 
 
* 11.03 6.52 7.26 * 
SVK  913  M2 R J 
 
* 13.76 8.2 8.08 * 
SVK  270  M1 R J 
 
* 15.74 6.9 6.91 * 
SVK  540  M1 L J 
 
C 10.13 6.22 B 16.08 
SVK  238  M1 L J 
 
* 11.51 6.41 7.1 * 
SVK  238  M2 L J 
 
* 13.79 7.66 7.55 * 
SVK  946  M2 L J 
 
<1/2 13.69 7.45 8.11 28.34 
SVK  611  M1 L J 
 
C 10.96 7.38 7.77 18.48 
SVK  611  M2 L J 
 
C 13.01 8.42 9.27 28.17 
HOF  3156  M1 R J 
 
* 13.58 B B * 
HOF  504  M1 L J 
 
* 13.03 5.9 6.6 * 
HOF  504  M2 L J 
 
* 16.31 6.4 6.02 * 
             
Appendix Table 5.9 (cont.):  Measurements of loose archaeological teeth from archaeological sites used to determine the dimensions of the 
mould (section 5.2.2.3.2).  Key: SNUS = Snusgar, MH = Mine Howe, HOF = Hofstaðir and SVK = Sveigakot; CXT = context, SF # = small finds 
number, TR = trench, M1/2 = first or second molar, SD = side, LT/J = loose tooth or jaw, WS = Payne wear stage, NF = not formed, B = broken,  
F = formed, NC = nearly complete
 6
2
  
 
SITE CXT SF # TR M1/2 SD LT/ J WS Root 1  2 3 4 
HOF  528  M1 L J 
 
* 12.74 7.07 7.21 * 
HOF  528  M2 L J 
 
* B 6.98 B * 
HOF  3010  M1 L J 
 
* 14.44 6.76 6.65 * 
HOF  3010  M2 L J 
 
* 16.06 6.52 B * 
HOF  1228  M1 L J 
 
* 14.91 6.49 6.15 * 
HOF  1228  M2 L J 
 
* 16.85 5.91 6.11 * 
HOF  3006  M1 R J 
 
* 13.51 6.22 6.1 * 
HOF  3006  M2 R J 
 
* 13.66 5.39 5.13 * 
HOF  513  M1 L J 
 
* 13.99 7.16 6.93 * 
HOF  509  M1 L J 
 
* 14.61 7.1 6.97 * 
HOF  509  M2 L J 
 
* 16.63 6.38 6.31 * 
HOF  518  M1 L J 
 
* 11.21 6.53 7.37 * 
HOF  518  M2 L J 
 
* 14.47 8.16 8.42 * 
HOF  523  M1 L J 
 
* 9.65 6.07 6.87 * 
HOF  523  M2 L J 
 
* 13.16 B B * 
HOF  519  M1 R J 
 
* 13.74 6.75 6.7 * 
             
Appendix Table 5.9 (cont.):  Measurements of loose archaeological teeth from archaeological sites used to determine the dimensions of the 
mould (section 5.2.2.3.2).  Key: SNUS = Snusgar, MH = Mine Howe, HOF = Hofstaðir and SVK = Sveigakot; CXT = context, SF # = small finds 
number, TR = trench, M1/2 = first or second molar, SD = side, LT/J = loose tooth or jaw, WS = Payne wear stage, NF = not formed, B = broken, 
 F = formed, NC = nearly complete
 6
3
 
 
 
SITE CXT SF # TR M1/2 SD LT/ J WS Root 1  2 3 4 
HOF  519  M2 R J 
 
* 17.16 6.95 6.29 * 
HOF  525  M1 R J 
 
* 15.53 5.51 5.39 * 
HOF  3040  M1 R J 
 
* 9.46 5.23 6.82 * 
HOF  3040  M2 R J 
 
* 11.36 7.52 7.86 * 
HOF  200  M1 L J 
 
* 9.1 6.62 7.15 * 
HOF  186  M1 L J 
 
* 12.86 7.76 8.56 * 
HOF  186  M2 L J 
 
* 16.32 7.87 7.42 * 
 
Appendix Table 5.9 (cont.):  Measurements of loose archaeological teeth from archaeological sites used to determine the dimensions of the 
mould (section 5.2.2.3.2).  Key: SNUS = Snusgar, MH = Mine Howe, HOF = Hofstaðir and SVK = Sveigakot; CXT = context, SF # = small finds 
number, TR = trench, M1/2 = first or second molar, SD = side, LT/J = loose tooth or jaw, WS = Payne wear stage, NF = not formed, B = broken,  
F = formed, NC = nearly complete
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Stage of 
Formation 
Description 
Appearance in 
transmitted light 
1 Secretion 
Enamel forms from 
the surface of 
dentine outwards, 
after which the 
matrix becomes 
slightly mineralised 
Transparent 
2 
Maturation – 
secondary 
Increase in 
mineralisation from 
enamel surface to 
deeper enamel, 
obliquely to the 
cusp 
Very dark 
3 
Maturation – 
tertiary 
Mineralisation 
increases from 
inner enamel 
towards surface, 
the outer ½ 
becoming more 
heavily mineralised 
Gradually 
becomes more 
transparent from 
deep enamel to 
surface 
4 
Maturation –  
quaternary or 
final 
The heavy 
mineralisation of 
subsurface area 
Normal 
 
Appendix Table 5.10:  Description of the stages of progressive mineralisation, and appearance 
in transmitted light, of the developing dental enamel of ovicaprines (Suga 1982).  
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TOOTH 
REF 
PAYNE 
WEAR 
STAGE 
M1 
CODE 
AGE NEO 
INFUNDIBULUM  
STILL FORMING 
ENAMEL STILL 
MATURING 
ENAMEL 
FORMED 
GAR/04 C 5A 5-6 MTH Y STILL MATURING > 1/2 TOOTH N 
GAR/13 C 5A 5-6 MTH Y ALMOST MATURE 1/2 TOOTH N 
GAR/17 C 3C 5-6 MTH Y STILL MATURING > 1/2 TOOTH N 
GAR/19 C 2A 5-6 MTH N STILL MATURING 1/2 TOOTH N 
GAUT/05 C 6A 5-6 MTH Y ALMOST MATURE 1/2 TOOTH N 
GAUT/06 C 6A 5-6 MTH Y MATURE < 1/2 TOOTH N 
GAUT/08 C 6A 5-6 MTH Y ALMOST MATURE 1/2 TOOTH N 
GAUT/23 C 5A 5-6 MTH Y ALMOST MATURE 1/2 TOOTH N 
UP/41 C 7A 8-9 MTH Y MATURE ALMOST COMP N 
UP/42 C 7A 8-9 MTH Y MATURE ALMOST COMP N 
UP/50 C 7A 8-9 MTH Y MATURE ALMOST COMP N 
UP/54 C 6A 8-9 MTH Y MATURE ALMOST COMP N 
UP/62 C 6A 8-9 MTH N MATURE ALMOST COMP N 
UP/78 C 6A 8-9 MTH Y MATURE < 1/2 TOOTH N 
UP/82 C 7A 8-9 MTH Y MATURE ALMOST COMP N 
UP/87 C 6A 8-9 MTH Y MATURE < 1/4 TOOTH N 
ROU/01 D 9A 18 MTH N MATURE FORMED Y 
ROU/02 D 9A 18 MTH N MATURE FORMED Y 
ROU/03 D 9A 18 MTH N MATURE FORMED Y 
ROU/05 D 9A 18 MTH N MATURE FORMED Y 
ROU/13 D 9A 18 MTH N MATURE FORMED Y 
ROU/14 D 9A 18 MTH N MATURE FORMED Y 
ROU/16 D 9A 18 MTH N MATURE FORMED Y 
ROU/17 D 9A 18 MTH Y MATURE FORMED Y 
HOA/01 * G 9A ADULT N MATURE FORMED Y 
HOA/02 D 9A 12-24 MTH N MATURE FORMED Y 
HOA/03 G 9A ADULT N MATURE FORMED Y 
HOA/04 D 8A ADULT N MATURE FORMED Y 
NBN/01 F 9A Y. ADULT N MATURE FORMED Y 
SWN/05 C 8A 6-12 MTH N MATURE <1/4 TOOTH N 
TWIG/01 G 9A ADULT N MATURE FORMED Y 
TWIG/05 E 9A Y. ADULT N MATURE FORMED Y 
PLIK/08** B 0 7 MTH Y NOT FULLY FORMED 2/3 TOOTH N 
PLIK/10** C 5A 4 MTH Y MATURE 1/2 TOOTH N 
PLIK/11** C 4C 7 MTH N STILL MATURING 1/2 TOOTH N 
PLIK/12 C 5A 6 MTH Y MATURE 1/4 TOOTH N 
PLIK/13 C 5A 7 MTH Y MATURE <1/2 TOOTH N 
PLIK/14** C 5A 6 MTH Y STILL MATURING 1/2 TOOTH N 
PLIK/15 D 9A 12 MTH N MATURE FORMED Y 
PLIK/18** C 4A 4 MTH Y MATURE 1/2 TOOTH N 
 
Appendix Table 5.11:  The age, level of formation and a rough estimation of how much of the 
M1 tooth crown had attained maturity in the modern sample teeth.  Key: Y.ADULT = young adult; 
double asterisk indicates samples that are capra (goat); single asterisk indicates M2 tooth; 
ALMOST COMP = almost complete   
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Tooth 
Ref 
Wear 
Stage 
Payne Code 
Neo % Neonatal 
M1 M2 
PLIK/08 B 0 OR 1B C Y 100% 
GAR/19 C 2A C N 
19/23 (83%)  
GAR/04 C 3C C Y 
GAR/17 C 3C C Y 
PLIK/18 C 4A V Y 
PLIK/11 C 4C C N 
GAR/13 C 5A C Y 
GAUT/23 C 5A C Y 
PLIK/12 C 5A C Y 
PLIK/13 C 5A C Y 
PLIK/10 C 5A V Y 
PLIK/14 C 5A V Y 
GAUT/05 C 6A C Y 
GAUT/06 C 6A C Y 
GAUT/08 C 6A C Y 
UP/54 C 6A C Y 
UP/62 C 6A C N 
UP/78 C 6A C Y 
UP/87 C 6A C Y 
UP/82 C 7A C Y 
UP/41 C 7A V Y 
UP/50 C 7A V Y 
UP/42 C 7A E Y 
SWN/05 C 8A E N 
HOA/04 D 8A/9A 7A N 
1/11 (9%) 
PLIK/15 D 9A 2A N 
ROU/17 D 9A 5A Y 
ROU/03 D 9A 6A N 
ROU/05 D 9A 6A N 
ROU/16 D 9A 6A N 
HOA/02 D 9A 7A N 
ROU/01 D 9A 7A N 
ROU/02 D 9A 7A N 
ROU/13 D 9A 7A N 
ROU/14 D 9A 7A N 
TWIG/05 E 9A 9A N 
0/5 (0%) 
NBN/01 F 9A 9A N 
HOA/03 G 9A 9A N 
TWIG/01 G 9A 9A N 
HOA/01 G BROKEN 9A N 
 
Appendix Table 5.12:  Frequency and percentage of identified neonatal lines by eruption and 
Payne wear stage for modern samples.  Key:  Neo = neonatal line.  
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 Buccal Lingual 
Occlusal surface to 
bottom of 
infundibulum 
3 ok (37.5%) 
4 bad (50%) 
1 broken (12.5%) 
5 ok (62.5%) 
3 HSB (37.5%) 
Bottom of 
infundibulum to 
CEJ lingual 
4 ok (50%) 
3 bad (37.5%) 
1 broken (12.5%) 
8 ok (100%) 
CEJ lingual to CEJ 
buccal 
6 ok (75%) 
2 bad (25%) 
 
 
Appendix Table 5.13:  Percentage and frequency of good and bad observations of the 8 
modern Rousay teeth within the three areas in lingual and buccal surfaces.  Key: HSB = Hunter 
Schreger Bands. 
 
 
 Buccal Lingual 
Occlusal surface to 
bottom of 
infundibulum 
7 ok (37.5%) 7 ok (100%) 
Bottom of 
infundibulum to 
CEJ lingual 
4 ok (57.1%) 
2 bad (28.6%) 
1 broken (14.3%) 
7 ok (100%) 
CEJ lingual to CEJ 
buccal 
5 ok (71.4%) 
1 bad (14.3%) 
1 HSB (14.3%) 
 
 
Appendix Table 5.14:  Percentage and frequency of good and bad observations of the 8 
modern Seaweed-eating teeth (discounting SWN/01) within the three areas in lingual and buccal 
surfaces.  Key: HSB = Hunter Schreger Bands. 
 
 
 
 Buccal Lingual 
Occlusal surface to 
bottom of 
infundibulum 
4 ok (50%) 
4 bad (50%) 
8 ok (100%) 
Bottom of 
infundibulum to 
CEJ lingual 
3 ok (37.5%) 
5 bad (62.5%) 
8 ok (100%) 
CEJ lingual to CEJ 
buccal 
7 maturing (87.5%) 
1 bad (12.5%) 
 
 
Appendix Table 5.15:  Percentage and frequency of good and bad observations of the 8 
modern Greenlandic teeth within the three areas in lingual and buccal surfaces.  Key: HSB = 
Hunter Schreger Bands. 
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 Buccal Lingual 
Occlusal surface to 
bottom of 
infundibulum 
1 ok (100%) 1 ok (100%) 
Bottom of 
infundibulum to 
CEJ lingual 
1 ok (100%) 1 ok (100%) 
CEJ lingual to CEJ 
buccal 
1 ok (100%)  
 
Appendix Table 5.16:  Percentage and frequency of good and bad observations of a modern 
Plikati tooth within the three areas in lingual and buccal surfaces.  Key: HSB = Hunter Schreger 
Bands. 
 
 
 Buccal Lingual 
Occlusal surface to 
bottom of 
infundibulum 
15 ok (62.5%) 
8 bad (33.3%) 
1 pres (4.2%) 
21 ok (87.5%) 
3 HSB (12.5%) 
Bottom of 
infundibulum to 
CEJ lingual 
12 ok (50%) 
10 bad (41.6%) 
1 pres (4.2%) 
1 HSB (4.2%) 
24 ok (100%) 
CEJ lingual to CEJ 
buccal 
12 ok (50%) 
4 bad (16.7%) 
7 mat (29.1%) 
1 HSB (4.2%) 
 
 
Appendix Table 5.17:  Percentage and frequency of good and bad observations within the 
different regions of the lingual and buccal surfaces.  Key: HSB = Hunter Schreger Bands; pres = 
preservation (cracks/broken enamel); mat = maturing 
 
 
.
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SNUS/01 SNUS/02 SNUS/03 SNUS/04 SNUS/05 MINE/02 MINE/03 MINE/04 MINE/05 EB/20 EB/1 EB/10 
0.07 0.1 0.058 0.042 0.052 0.05 0.039 0.081 0.045 0.051 0.04 0.024 0.033 
0.057 0.095 0.063 0.05 0.045 0.05 0.042 0.063 0.049 0.042 0.042 0.017 0.029 
0.055 0.1 0.068 0.035 0.043 0.056 0.036 0.072 0.036 0.036 0.048 0.025 0.027 
0.054 0.069 0.059 0.044  0.056 0.039 0.057 0.042 0.044 0.044 0.034 0.033 
 0.079 0.06 0.056  0.05 0.041 0.06 0.047 0.057 0.048 0.026 0.034 
 0.069 0.06 0.052  0.054 0.031 0.072 0.057 0.039  0.029 0.033 
   0.049  0.038  0.1 0.039 0.039  0.024 0.027 
   0.026  0.042    0.041  0.048 0.027 
   0.043  0.054    0.039  0.03 0.031 
     0.056      0.027 0.031 
           0.025 0.024 
           0.024 0.022 
           0.036 0.028 
           0.028 0.034 
           0.036 0.025 
           0.038 0.037 
           0.031 0.032 
           0.027 0.027 
           0.019 0.026 
           0.028 0.024 
           0.027 0.033 
           0.024 0.024 
           0.036 0.027 
           0.036  
 
Appendix Table 5.18:  Measurements of perikymata spacing (in mm) within the buccal CEJ region for Orcadian archaeological samples 
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HOF/02 HOF/03 HOF/04 HOF/05 HOF/06 HOF/08 HOF/09 SVK/02 SVK/03 SVK/05 SVK/07 SVK/08 SVK/09 
0.041 0.051 0.036 0.044 0.031 0.041 0.028 0.056 0.043 0.038 0.048 0.042 0.036 
0.039 0.054 0.039 0.043 0.035 0.057 0.048 0.057 0.041 0.037 0.059 0.033 0.036 
0.045 0.045 0.048 0.042 0.042 0.031 0.029 0.038 0.048 0.037 0.059 0.039 0.03 
0.044 0.048 0.048 0.035 0.045 0.04 0.031 0.03 0.048 0.036 0.052 0.035 0.044 
0.036 0.042 0.045 0.046 0.041 0.043 0.036 0.061 0.041 0.037 0.041 0.042 0.042 
0.046 0.05 0.043 0.039 0.042 0.038 0.031 0.028 0.038 0.048 0.051   
0.033 0.044 0.041 0.038 0.038 0.037 0.03 0.037  0.041 0.055   
  0.039 0.045  0.066 0.029 0.058  0.035 0.056   
  0.048 0.052  0.032 0.025 0.043   0.041   
  0.042   0.053 0.027 0.068   0.06   
  0.041   0.042  0.057   0.046   
  0.048   0.042  0.065   0.05   
  0.048        0.042   
  0.059        0.048   
  0.039        0.048   
          0.048   
          0.054   
          0.05   
 
Appendix Table 5.19:  Measurements of perikymata spacing (in mm) within the buccal CEJ region for Icelandic archaeological samples 
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EB/43 HOF/01 
0.035 0.1 
0.041 0.099 
0.043 0.092 
 0.16 
 0.11 
 0.075 
 0.1 
 0.12 
 0.087 
 0.095 
 0.1 
 
Appendix Table 5.20:  Measurements of perikymata spacing (in mm) within the lingual CEJ 
region in EB/43 and lingual occlusal region in HOF/01 
 
 
ant base 
72.33 83.84 
79.18 90.41 
84.1 79.18 
92.06 85.48 
78.91 90.41 
72.33 101.92 
83.84 83.84 
79.06 83.84 
85.48 101.92 
90.41 79.91 
 
Appendix Table 5.21:  Measurements of perikymata spacing (in µm) on the buccal surface of 
the anterior cusp of an ovicaprine mandibular M1/2 viewed under SEM (SG07 cxt 2103 Tr. T) 
 
87.72 85.82 
81.69 95.72 
95.72 74.27 
90.77 67.67 
91.01 123.78 
 74.27 
 106.29 
 88.69 
 71.65 
 
Appendix Table 5.22:  Measurements of perikymata spacing (in µm) on the lingual surface of 
the posterior cusp of an ovicaprine mandibular M1/2 viewed under SEM (SG07 cxt 2103 Tr. T). 
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SNUS/01 SNUS/02 SNUS/03 SNUS/04 SNUS/06 MINE/01 MINE/03 HOF/08 HOF/09 SVK/05 SVK/08 
0.0096 0.0066 0.0076 0.0082 0.007 0.011 0.0065 0.007 0.0039 0.008 0.0096 0.0068 
0.0092 0.0087 0.0087 0.0076 0.0059 0.011 0.0059 0.0065 0.005 0.0082 0.01 0.011 
0.01 0.0076 0.0076 0.0093 0.0059 0.011 0.0059 0.0076 0.006 0.008 0.011 0.011 
0.01 0.0066 0.0054 0.0067 0.0065 0.011 0.0059 0.007 0.006 0.0089 0.013 0.0045 
0.012 0.0079 0.0065 0.0055 0.0065 0.01 0.0059 0.0059 0.0062 0.008 0.011 0.0032 
0.008  0.0065 0.0055 0.0059 0.0079 0.0059 0.0092 0.0072 0.0094 0.0096 0.0045 
0.0087  0.0076 0.0049 0.0059  0.0076 0.0092 0.01 0.0063 0.0097 0.0055 
0.0076  0.0065 0.0054 0.0059  0.0049 0.0076 0.006 0.0072 0.014 0.0054 
0.0077  0.011 0.0066   0.0065 0.0076 0.0049 0.0063 0.011 0.0055 
0.012  0.012 0.0076   0.0059 0.0092 0.0062 0.007  0.0066 
0.008  0.0086 0.006   0.0076 0.0092 0.0073 0.0068  0.011 
0.011   0.0076   0.0076  0.0066 0.007  0.0055 
0.0076   0.0059   0.0076   0.008  0.0055 
0.011   0.0049   0.007     0.0055 
   0.0041   0.0081      
   0.006         
   0.0055         
   0.0054         
   0.007         
 
Appendix Table 5.23:  Measurements of striae of Retzius spacing (in mm) within the buccal CEJ region of archaeological samples 
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SNUS/03 MINE/07 SVK/10 
0.0076 0.0054 0.01 
0.0076 0.0059 0.0079 
0.0086 0.0076 0.0079 
0.0097 0.0059 0.0065 
0.0086  0.0045 
0.0086  0.0089 
0.0076  0.0076 
0.0076  0.0066 
0.0086  0.0066 
0.0076  0.0065 
  0.0087 
 
Appendix Table 5.24:  Measurements of striae of Retzius spacing (in mm) within the buccal mid 
region of archaeological samples 
 
 
MINE/01 MINE/02 EB/21 
0.006 0.006 0.006 0.005 
0.0077 0.0076 0.0059 0.0065 
0.0076 0.0065 0.006 0.0076 
0.006 0.0059 0.0065 0.0066 
0.0071 0.007 0.0065 0.0076 
0.0067 0.007 0.0075 0.007 
0.0072 0.0065  0.0066 
0.0076 0.007   
0.0059    
 
 
Appendix Table 5.25:  Measurements of striae of Retzius spacing (in mm) within the lingual 
CEJ region of archaeological samples 
 
 
SNUS/01 SNUS/03 MINE/02 EB/20 
0.0059 0.0054 0.0065 0.0076 
0.0059 0.0054 0.007 0.0098 
0.0065 0.0043 0.0065 0.0076 
0.0054 0.0054 0.0054 0.0066 
0.0059 0.0054 0.0059 0.0066 
0.0054 0.0065  0.0087 
0.0065    
0.0059    
0.0076    
0.0054    
0.0059    
 
Appendix Table 5.26:  Measurements of striae of Retzius spacing (in mm) within the lingual mid 
region of archaeological samples 
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HOF/03 HOF/04 SVK/08 SVK/10 
0.0067 0.0065 0.0051 0.0076 
0.0063 0.0076 0.0041 0.0076 
0.0072 0.0076 0.0056 0.0066 
0.0055 0.0076 0.0058 0.0076 
0.0071 0.0076 0.0058 0.0055 
0.0072 0.0087 0.0058 0.0089 
0.006 0.0087 0.0053 0.0068 
0.006 0.0076   
0.0072 0.0076   
0.0071    
 
Appendix Table 5.27:  Measurements of striae of Retzius spacing (in mm) within the lingual 
occlusal region of archaeological samples 
 
HOF/10 
0.0067 
0.0062 
0.0084 
0.0073 
0.0072 
0.0072 
0.008 
0.0058 
 
Appendix Table 5.28:  Measurements of striae of Retzius spacing (in mm) within the lingual 
infundibulum occlusal region of archaeological samples 
 
SNUS/01 SNUS/02 SNUS/03 MINE/01 MINE/02 MINE/03 EB/1 EB/10 EB/21 
7.9 17.35 6.2 17.81 11.59 8.59 26.02 16.32 18.18 
5.03 16.55 4.11 10.41 11.65 7.24 21.15 17.42 16.12 
5.05 12.58 7.08 11.76 9.44 8.54 20.02 13.5 15.63 
4.53   9.87 11.07 6.18  12.8 13.05 
6.38   9.87  7.72  14.37 10.58 
   9.65  10.67    
   8.3      
   9.19      
 
Appendix Table 5.29:  Measurements of the angle of striae of Retzius within the buccal CEJ 
region of the Orcadian archaeological samples 
 
HOF/02 HOF/06 HOF/08 HOF/09 SVK/05 SVK/07 SVK/08 SVK/09 
17.53 10.55 9.11 16.04 15.86 8.8 17.19 16 
15.35 10.02 11.6 15.75 19.4 9.45 11.91 16.84 
16.99 10.18 12.2 15.36   11.76  
  10.07 16.09   13.5  
  9.15    12.69  
  8.45      
  5.62      
        
 
Appendix Table 5.30:  Measurements of the angle of striae of Retzius within the buccal CEJ 
region of the Icelandic archaeological samples 
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SNUS/03 MINE/03 HOF/02 HOF/08 SVK/02 
1.6 4.77 6.81 7.13 6.07 
2.29 4.92 5.8 8.59 5.84 
3.02   4.36  
 
Appendix Table 5.31:  Measurements of the angle of striae of Retzius within the buccal mid 
region of archaeological samples 
 
 
HOF/02 HOF/08 HOF/09 
4.51 3.55 2.78 
  3.84 
 
Appendix Table 5.32:  Measurements of the angle of striae of Retzius within the buccal occlusal 
region of archaeological samples 
 
 
MINE/01 MINE/02 EB/10 EB/21 HOF/03 HOF/04 HOF/07 HOF/09 SVK/02 SVK/03 SVK/05 
6.14 6.06 8.93 9.12 7.24 10.71 8.68 5.8 7.72 5.45 6.53 
7.13 6.06 9.33 9.57 7.41 8.69 7.88 8.07  8.44 6.67 
7.33  7.99 9.09 6.01 10.11 9.65   4.43  
  10.76 6.06  9.51 6.92     
  5.17 4.45        
  5.07 7.41        
 
Appendix Table 5.33:  Measurements of the angle of striae of Retzius within the lingual CEJ 
region of archaeological samples 
 
 
SNUS/01 MINE/01 MINE/06 SVK/03 
3.17 3.26 5.72 4.84 
4.08 2.42 5.3 4.12 
   4.48 
 
Appendix Table 5.34:  Measurements of the angle of striae of Retzius within the lingual mid 
region of archaeological samples 
 
 
MINE/01 MINE/06 EB/10 EB/60 HOF/04 HOF/09 SVK/03 
2.12 3.63 2.74 2.22 2.75 3.66 3.98 
3.29 3.28 2.56 2.92 3.65 4.95 4.95 
  3.36     
 
Appendix Table 5.35:  Measurements of the angle of striae of Retzius within the lingual occlusal 
region of archaeological samples 
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samples lingual buccal 
GAR/04 0.21 0.13 
GAR/17 0.32  
GAR/19 0.29 0.14 
PLIK/08 0.31 0.18 
PLIK/11 0.21 0.1 
total 1.34 0.55 
average 0.27 0.14 
 
Appendix Table 5.36:  Measurements of unworn molar cusps of modern samples 
 
 
 OCC TO NEO OCC TO INFUND 
 L B L B 
GAR/04 4.92 - - - 
GAR/13 6.55 - 24.28 21.31 
GAR/17 4.93 - 24.14 22.71 
GAR/19 - - 24.48 22.43 
GAUT/05 5.64 - 24.11 22.4 
GAUT/06 6.42 - 21.36 18.84 
GAUT/08 6.24 - 24.25 21.56 
GAUT/23 5.81 5.25 24.32 23.24 
PLIK/12 5.67 - 23.8 21.1 
PLIK/13 4.31 - 22.2 19.57 
PLIK/10 5.62 5.57 25.97 24.22 
PLIK/18 6.17 - 20.74 18.52 
PLIK/14 4.43 - 24.96 22.56 
PLIK/08 5.97 - - - 
sum 72.68 10.82 306.39 279.1 
no 13 2 13 13 
average 5.59 5.41 23.57 21.47 
 
Appendix Table 5.37:  Measurements of modern sample M1 teeth, occlusal to neonatal and 
occlusal to infundibulum, used to create average total.  Key:  OCC = occlusal surface, NEO = 
neonatal line, INFUND = infundibulum, L = lingual, B = buccal 
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Site 
LING TO 
INFUND  
BUC TO 
INFUND 
Site 
LING TO 
INFUND  
BUC TO 
INFUND 
EB/01 5.44 7.39 SNUS/01 2.46 9.46 
EB/10 4.5 7.91 SNUS/02 1.85 8.57 
EB/20 6.69 10.65 SNUS/03 2.19 8.22 
EB/21 6.76 9.65 SNUS/04 2.61 9.83 
EB/43 6.06 8.62 SNUS/05 0.82 8.46 
EB/60 6.34 10.23 SNUS/06 6.46 8.46 
HOF/01 7.2 9.63 SVK/01 7.71 10.81 
HOF/02 3.42 10.39 SVK/02 5.2 9.41 
HOF/03 6.9 ? SVK/03 5.36 9.79 
HOF/04 5.34 9.14 SVK/04 6.93 8.77 
HOF/05 4.67 9 SVK/05 4.93 8.75 
HOF/06 4.03 8.32 SVK/06 5.95 8.83 
HOF/07 5.02 9.29 SVK/07 5.64 12.24 
HOF/08 5.72 8.82 SVK/08 5.97 10.51 
HOF/09 6.16 10.03 SVK/09 3.34 8.99 
HOF/10 5.45 10.53 SVK/10 2.96 8.04 
MINE/01 3.05 9.02 UP/54 5.63 7.88 
MINE/02 5.84 9.7 UP/62 2.76 - 
MINE/03 3.71 8.25 UP/41 4.23 - 
MINE/04 4.76 9.93 UP/50 8.6 - 
MINE/05 3.14 11.02 UP/82 7.39 9.38 
MINE/06 6.15 9.06 UP/42 4.98 - 
MINE/07 4.52 7.61 HOA/02 9.5 12.28 
MINE/08 4.14 6.37 HOA/04 5.49 9.72 
ROU/17 2.81 8.76 NBN/01 5.66 8.82 
ROU/03 8.2 11.6 TWIG/01 4.67 7.35 
ROU/16 2.21 8.39 HOA/03 6.8 10.57 
ROU/02 3.92 11.67 TWIG/05 8.52 10 
ROU/14 7.22 11.53 HOA/01 8 9.99 
ROU/01 13.84 12.48 PLIK/15 5.65 10.28 
ROU/05 5.72 9.91    
TOTAL 327.19 530.31    
No. 61 56    
AVERAGE 5.36 9.14    
 
Appendix Table 5.38:  Measurements of modern and archaeological sample M1 teeth, 
infundibulum to CEJ in lingual and buccal surfaces.  Key:  INFUND = infundibulum,  
LING  = lingual, BUC = buccal 
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Appendix Figure 6.1:  Site plan of Sveigakot, Iceland (after Simpson et al. 2003: 1406). 
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Tooth 
Ref 
SP L/R 
Wear 
stage 
dp2 dp3 dp4 P2 P3 P4 M1 M2 M3 Arch Ref Phase Age 
MINE01 O L D W W 16L    8A 4A V MH00 023  Late IA/Pictish 
MINE02 O R D W W 16L    9A E Ø MH04 1043  Late IA/Pictish 
MINE03 O R D PM PM PM    7A 4A V MH00 97  Late IA/Pictish 
MINE04 O R D W W 19M    9A 4A C MH00 120  Late IA/Pictish 
MINE05 O L D* PM W 23L    9A 2A // MH00 212  Late IA/Pictish 
MINE06 O R D W W 16L    8A E Ø MH03 760  Late IA/Pictish 
MINE07 O R D PM PM 16L    9A 4A V MH02 633  Late IA/Pictish 
MINE08 O R D      // 9A 4A V MH02 102  Late IA/Pictish 
SNUS01 S/G L D* PM W 17L    9A 5A // SG05 1504  Viking?/Norse 
SNUS02 O L D* PM W 20M?    9A 5A // SG05 2023  Viking?/Norse 
SNUS03 O L D* PM W 14L    9A 6A // SG04 1028  Viking?/Norse 
SNUS04 O R D     // E 9A 6A E SG06 2045  Viking?/Norse 
SNUS05 O L D  // BR     9A 6A? C SG06 1527  Viking?/Norse 
SNUS06 O R D PM W 18L    9A 6A C SG04 1012  Viking?/Norse 
EB01 O R D PM W PM    8A 2A V JAW 1  c11-15TH C 
EB10 O L D*  // 14L    7A 3C // JAW10  c11-15TH C 
EB20 O L D    PM U 1B 9A 7A 0 JAW20  c11-15TH C 
EB21 O L D    E E 0 9A 7A E JAW21  c11-15TH C 
EB43 O L D      // 9A 7A 0 JAW43  c11-15TH C 
EB60 O R D*  // 16L    8A 2A // JAW60  c11-15TH C 
HOF01 O R D W W 20L    9A 1B C HST 3106 2&3 940 -1050AD 
HOF02 O L D PM W 20L    9A 2A C HST 3009 2&3 940 -1050AD 
HOF03 O R D W W 17L    8A 2A Ø HST 3006 2&3 940 -1050AD 
HOF04 S/G R D W W 18L    9A 2A Ø HST 514 1 940 -1050AD 
HOF05 O R D* PM W 20L    9A 6A // HST 1226 2&3 940 -1050AD 
HOF06 O L D W W 20L    9A 5A C HST 3128 2&3 940 -1050AD 
HOF07 O L D PM W 20L    9A 2A C HST 516 1 940 -1050AD 
HOF08 O L D PM PM BR     9A 5A C HST 5176 1 940 -1050AD 
 
Appendix Table 6.1:  Wear stage details of the archaeological samples 
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Tooth 
Ref 
SP L/R 
Wear 
stage 
dp2 dp3 dp4 P2 P3 P4 M1 M2 M3 Arch Ref Phase Age 
HOF09 O L D* W PM 14L    9A 2A // HST 1104 1 940 -1050AD 
HOF10 O L D W W 18L    9A 2A C HST 504 1 940 -1050AD 
SVK01 O L D W W 16L    9A 2A C 705 AU 3 L 11th - E 12th C 
SVK02 C R D      // 9A 2A Ø 949 AU 3 L 11th - E 12th C  
SVK03 O R D W W 16L    9A E Ø 270 AU 3 L 11th - E 12th C 
SVK04 S/G R D      // 9A 4A Ø 292 AU 3 L 11th - E 12th C 
SVK05 O R D PM PM 20L    9A 5A V 925 AU 3 L 11th - E 12th C 
SVK06 O L D PM W 20L    9A 5A V 902 AU 3 L 11th - E 12th C 
SVK07 O L D  // PM    9A 6A V 947 AU 3 L 11th - E 12th C 
SVK08 O R D PM W 23L    9A 5A V 929 AU 3 L 11th - E 12th C 
SVK09 O R D W W 23L    9A 7A V 615 AU 3 L 11th - E 12th C 
SVK10 O L D* PM PM PM    9A 5A // 921 AU 3 L 11th - E 12th C 
 
Appendix Table 6.1 (cont.):  Wear stage details of the archaeological samples 
 
Ref no. 1 2 3 4 5 6 7 8 9 10 11 
1005 16.92 6.95 6.39 28.44 B 29.55 B NP NP NR NR 
EB/01 14.49 6.67 6.61 23.53 24.59 21.28 23.12 8.89 9.01 29.76 31.93 
EB/10 13.91 6.34 6.17 25.47 25.93 24.06 25.13 9.4 9 29.47 31.16 
EB/20 13.91 6.83 7.06 IN JAW 
EB/21 12.77 7 7.35 18.09 18.55 19.02 19.08 9.22 9.4 25.55 26.6 
EB/43 12.62 7.05 7.18 17.87 18.22 17.41 18.75 9.19 9.12 24.5 26.12 
EB/60 14.12 6.29 6.21 25.49 25.07 23.48 24.31 9.58 9.1 29.42 30.98 
SNUS01 13.29 6.45 6.94 IN JAW 
SNUS02 13.03 7.3 7.49 23.6 23.64 21.24 22.72 9.14 9.37 29.8 33.15 
SNUS03 12.76 6.68 6.8 22.23 22.4 23.71 23.35 9.28 8.6 30.77 29.2 
SNUS04 13.91 7.23 7.34 22.24 22.22 23.97 22.86 9.68 9.35 32.76 28.96 
SNUS05 13.53 7.35 7.73 20.49 19.99 19.26 19.08 19.17 9.86 26.76 30.56 
 
Appendix Table 6.2:  Crown height measurements of archaeological samples (following method presented in Figure 5.6)
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Ref no. 1 2 3 4 5 6 7 8 9 10 11 
SNUS06 13.26 6.7 6.4 21.22 22.05 20.53 20.78 8.27 8.29 27.18 29.03 
MINE01 14.15 6.2 6.25 IN JAW 
MINE02 12.81 5.95 5.79 23.25 22 21.35 21.4 8.58 8.79 27.51 26.17 
MINE03 14.23 6.43 5.91 26.2 26.04 24.95 26.66 9.02 8.76 31.68 33.74 
MINE04 13.17 5.87 6.19 23.04 22.68 23.38 23.28 8.47 8.19 31.37 29.39 
MINE05 13.71 6.23 6.88 23.15 21.19 20.02 20.27 9.42 8.67 26.46 29.31 
MINE06 13.55 5.98 5.81 22.9 22.84 22.08 22.34 8.8 8.32 26.73 27.71 
MINE07 12.95 5.98 6.07 20.27  19.04 IN JAW 28.14 25.67 
MINE08 14.34 6.74 6.34 24.98 25.92 24 25.93 8.76 8.5 31.53 31.5 
HOF01 14.03 6.57 6.67 TOOTH CRACK 
HOF02 13.38 6.98 7.47 IN JAW 
HOF03 13.98 6.36 5.92 IN JAW 
HOF04 13.53 6.93 7.08 IN JAW 
HOF05 14.82 7.29 7.41 IN JAW 
HOF09 14.4 7.29 7.16 IN JAW 
HOF10 13.2 6.15 6.71 IN JAW 
HOF06 12.62 6.48 BROKEN IN JAW 
HOF07 13.43 6.99 BROKEN IN JAW 
HOF08 12.61 BROKEN 6.56 IN JAW 
SVK01 14.03 6.57 6.67 IN JAW 
SVK02 15.41 7.37 6.98 26.59 25.33 24.71 23.87 10.07 10.08 28.83 31.48 
SVK03 15.74 7.32 7.36 28.26 28.63 27.9 28.75 9.14 10.59 33.57 32.83 
SVK04 13.6 7.41 7.36 22.47 23.11 19.8 21.9 9.48 8.78 27.21 30.38 
SVK05 14.48 7.42 7.56 IN JAW 
SVK06 14.44 7.55 8.01                  IN JAW 33.59 
SVK07 14.34 7.55 8.01                  IN JAW 33.59 
SVK08 13.37 7.57 7.59 IN JAW 
SVK09 13.31 7.25 7.04 IN JAW 
SVK10 13.9 7.31 BROKEN                                   IN JAW 27.22 30.26 
 
Appendix Table 6.2 (cont.):  Crown height measurements of archaeological samples (following method presented in Figure 5.6)
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Appendix 6.1:  Sites examined as part of mortality analysis 
 
 Orcadian sites 
 
Pool, Sanday 
The site of Pool is located in a partially enclosed bay on the south west coast of Sanday (Figure 
6.1), one of the most northerly islands in Orkney, just north of the Point of Lamba Ness (Bond, 
1998; Hunter, 2007).  Excavations began in 1983 when archaeological remains were found to be 
eroded from the cliff side, with the estimated loss of 40% of the original mound to the sea 
(Hunter, 2007a).  This multi-period site showed phases of occupation from the Neolithic (before 
3400 BC) until the middle of the 11
th
 century AD (Bond, 1998). 
 
Faunal data for two periods of occupation were of interest at Pool, the late Iron Age (Phase 5-6) 
between the third/fourth to eighth century AD and the Viking/Norse period (Phase 8), 10-13
th
 
century AD (Bond, 2007).  Phase 5 on site saw the construction of a partly subterranean building 
with an associated structure possibly for the housing of animals representing a small farming 
settlement, with the later addition of a complex of at least 7 buildings during the Pictish Phase 6 
(Hunter, 2007b).  The Iron Age occupation at this site lacked an associated broch seen at many 
other Orcadian and Hebridean contemporary sites.  Phase 7 on site showed an influx of Viking 
artifacts and expansion of the site with buildings differing in construction and style from the Iron 
Age; while Phase 8 saw the reorganisation of the site, with Iron Age structures infilled and 
overlain by a Norse farmstead type settlement similar to others found in the Northern Isles such 
as Jarlshof, comprising of a single predominant structure with possible associated buildings 
(Hunter, 2007c). 
 
A total of 53 ovicaprine jaws were identified for the Iron Age (Phases 5 & 6) and a further 174 
jaws were recovered from the Norse phases (Phase 7 & 8).  At Pool goat remains were first 
identified in Phase 7 so it appears that this species was not introduced until the Norse period 
(Bond, 2007) although these appear in very few cases.  The assumption was therefore made 
that all jaws derived from sheep (Serjeantson and Bond, 2007).  Data on wear stages are 
presented in Mulville, et al. (2005:170 & 174).  
 
Tofts Ness, Sanday 
Tofts Ness is a low-lying exposed site on the NE peninsula of Sanday (Figure 6.1) and is the 
most northerly of the Orcadian sites examined.  Excavated between 1985-8 this settlement 
mound (Mound 11) measuring 60 by 20m revealed evidence of multi-phased occupation from 
the Neolithic in the fourth millennium BC (Phase 1 & 2) to the Early Iron Age (Phase 6) (Dockrill, 
2007).  The Iron Age archaeology comprised of a free-standing roundhouse and a byre within an 
infield area.  This structure was smaller than contemporary Orcadian roundhouses such as 
Howe and replaced a larger, late Bronze Age roundhouse (Dockrill, 2007a).  Wear data on the 
42 sheep/goat mandibles recovered was presented by Serjeantson and Bond (2007a). 
 
Howe, Mainland Orkney 
Howe is another multi-period site located near Stromness on mainland Orkney (Figure 6.1).  The 
earliest remains on site date to the Neolithic with fragmentary tomb type structures indicating 
occupation back as far as the fourth millennium BC.  The site was then reoccupied in the early 
Iron Age (8
th
-4
th
 century BC) with the later construction of a roundhouse with surrounding 
buildings in the 4-3
rd
 BC (Phase 5).  Phase 6 saw the first definitive broch with associated 
buildings within the remains of a Neolithic ditch (Lynn, 2004), dated by extrapolation to the 2-1
st
 
century BC (Ballin-Smith, 1994a).  This broch was cleared and rebuilt as a much bigger and 
better preserved broch structure complex with surrounding village (Phase 7) occupied between 
the cal. 1-4
th
 century AD.  Phase 8 was characterized by a farmstead occupied between the 4-
7/8
th
 century AD (Ballin-Smith, 1994a).  Howe, therefore, declined from a defended village to a 
single farmstead between the 1
st
 and 4
th
 century AD (Ballin-Smith, 1994b). 
 
The faunal data used in this study represent the second broch with associated settlement 
(Phase 7) and the farmstead (Phase 8) as the majority of the animal remains on site derive from 
this period and a considerable number of mandibles were recovered (Smith, 1994).  Phase 7 at 
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Howe was selected as it is believed to be contemporary with Dun Vulan, Baleshare, Hornish 
Point and Cill Donnain in the Outer Hebrides (Parker Pearson et al., 1999) and potentially Mine 
Howe, Orkney (Lynn, 2004); while Phase 8 is comparable to the late Iron Age phase at Pool, 
Sanday (Ballin-Smith, 1994c, Dockrill, 2007a). It also allows the comparison of earlier and later 
trends in husbandry during the Iron Age period.  From Iron Age Phase 7, 84 ovicaprine jaws 
were recorded, while 72 were aged from Phase 8; wear stage data for both sites was presented 
in Smith (1994). 
 
Mine Howe 
Mortality data for the 150 mandibles recovered from the Iron Age site of Mine Howe (described 
in section 6.1.1) were provided by Dr Mainland (pers. comm.).   
 
Snusgar 
Ageing data on the 21 jaws recovered during excavations between 2004 and 2006 was 
presented in interim reports (Ewens and Mainland, 2006; 2007; Ewens et al., 2010).  As final 
phasing for the site had not been determined, the data for all jaws were combined to represent 
the site as a whole.  A description of the site based on data currently known is presented in 
section 6.1.2.  
 
Earl’s Bu 
Data on the wear stages of 36 ovicaprine jaws recovered from this site were provided by Dr 
Mainland (pers. comm.) as the site is not yet published.  This site is described in full in section 
6.1.3.   
 
 
 Hebridean sites 
 
Dun Vulan, South Uist 
The site of Dun Vulan is situated on the promontory of Rubha Ardvule on the west coast of 
South Uist (Appendix Figure 6.3) (Sharples, 2005a).  Rescue excavation revealed a sub-
triangular Iron Age broch, with stairs that suggest the structure was a broch tower which would 
have stood to a substantial height above the surviving first floor.  This structure, together with a 
revetment wall, were constructed between 2
nd
 -1
st 
century BC (Parker Pearson, 1999) (Appendix 
Figure 6.2).  Later three structures were built east of the broch in the area known as the 
„platform‟ between the 2
nd 
- 3
rd
 and 5
th 
- 6
th
 centuries AD.  Environmental analysis suggests that 
the two rectilinear structures A and B that were constructed earliest, were outbuildings used for 
crop storage.  Floor deposits of the later small oval structure (Building C) were indicative of a 
dwelling.  Evidence suggests that the site was probably occupied until the 8
th
 to 9
th
 century AD 
(Parker Pearson and Sharples, 1999b). 
 
The majority of faunal remains on site were recovered from the midden associated with the 
broch, that accumulated on the south side of the structure, and was dated to between the 1
st
 
century BC and the 3
rd
 or 4
th
 century AD (Parker Pearson et al., 1999).  The ageing data for 
ovicaprines is based on 114 mandibles recovered from all areas of the site, presented in Mulville 
et al. (2005:170 & 174). 
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Appendix Figure 6.2: Plan of Dun Vulan (after Parker Pearson et al., 1999: 62) 
 
 
Cill Donnain, South Uist  
Cill Donnain (Kildonan) is an Iron Age site located on the western edge of upper Loch Kildonan 
(Appendix Figure 6.3), roughly 2km south east of the Rubha Ardvule promontory (Flemming and 
Woolf, 1992).  Excavations in 1989 and 1991 revealed a small roundhouse with piers believed to 
be a wheelhouse, measuring 20m
2
 (Parker Pearson and Sharples, 1999a; 1999b).  This 
structure was poorly preserved due to erosion but is thought to have been part of a larger 
settlement area (Parker Pearson and Sharples, 1999a).  Occupation of this site extends from the 
Middle Iron age (200BC-400AD) into the late Iron Age (400-800AD) (Parker Pearson and 
Sharples, 1999a).  Ovicaprine mortality data for the 18 jaws recovered on site was presented in 
Mulville et al. (2005: 174). 
 
Cille Pheadair, South Uist  
A Norse settlement at Cille Pheadair on South Uist (Appendix Figure 6.3) was exposed during a 
winter storm and subsequent rescue excavation revealed a series of structures dated from 
approximately 1050 to 1350 AD.  A sequence of five buildings, some with subsidiary buildings, 
was discovered and all principle structures were completely excavated.  This provided large 
quantities of artefacts and environmental data, not contaminated with Iron Age or Later Medieval 
material, which should allow a clearer understanding of life in the Norse period (Sharples, 
2005a).  This site is contemporary to Norse phases at Bornais. 
 
Although the site has been phased, the 219 ovicaprine jaws for which there is ageing data, 
presented in Mulville et al., (2005, 174), represent all phases.   
 
 
 85 
 
 
Appendix Figure 6.3:  Map of Outer Hebrides marking locations of archaeological sites 
examined as part of mortality analysis 
 
 
Bornais, South Uist 
Bornais is a multi-phase site spanning from the Middle Iron Age through to the 15
th
 century AD 
located on the machair just north of the Rubha Ardvule promontory on which Dun Vulan is 
situated (Appendix Figure 6.3).  The site of Bornais is dominated by 3 mounds (Sharples, 
2005a).  The Late Iron Age data comes from Mound 1, an isolated mound on the southern edge 
of the site, overlain with Norse structures; Mound 2 & 3 have Norse remains and are close 
together comprising a fairly continuous complex (Sharples, 2005b).  Excavations on Mound 1 
revealed a circular structure (Sharples, 1996) of an Iron Age settlement dated to the third to fifth 
century AD (Sharples, 2000).  On top of these deposits a series of Norse buildings and other 
Viking/Norse features were found to truncate the late Iron Age deposits, forming an important 
complex despite being badly damaged (Sharples, 1997).  When the occupation of this mound 
ended the structures were demolished and infilled (Sharples, 2000).  On Mound 2 there is 
evidence that the Late Iron Age settlement (5-6
th
 century) of Mound 1 may have moved to this 
mound in the 7-8
th
 century (Sharples, 1997).  The main occupation on this mound is a Norse 
farmstead, with a substantial structure over 10m long, dated to 11
th
 century AD with evidence of 
iron working activity, which by the twelfth century had spread to mound 2A and 3 (Sharples 
2000; 1997). 
 
On Mound 3 a late Norse house was excavated and a geophysical survey suggested 3 ancillary 
structures south of the house, one of which was excavated and identified as a barn with an 
attached corn-drying kiln (Sharples, 2005c).  Radiocarbon dating suggests that occupation of the 
house ceased between AD 1320-1470 (with a 68% probability) while the kiln/barn was used until 
1400-1480 (with 68% probability) (Marshall 2005). 
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The ovicaprine mortality data derived from the Late Iron Age deposits on Mound 1 and Norse 
period remains from both Mound 1 and 3, presented in Mulville et al., (2005, 174).  Only 10 and 
38 jaws respectively could be aged from those recovered from the Iron Age and Norse period 
deposits. 
 
Baleshare, Benbecula 
Baleshare a large sand mound, known locally as Ceardach Ruadh (Red Smithy) is located on 
the west coast of the tidal island of the same name (Appendix Figure 6.3), 0.5km west of North 
Uist (James & Duffy 2003).  The site consists of two midden deposits, the lower extending 320m 
along the coast and 110m inland dated to the later Bronze Age while the upper Iron Age midden 
layer extended 80m by 30m (Barber 2003).  These layers are likely associated with the remains 
of a wheelhouse structure excavated in 1963 (James & Duffy 2003).  The ovicaprine mandibular 
material (49 jaws) on which mortality profiles were constructed for the site were recovered from 
the midden deposits (Halstead 2003) and presented in Mulville et al. (2005:174). 
 
The wheelhouse settlements of Baleshare (early to middle Iron Age) (McCormick 2006) and 
Hornish Point (described below) were occupied at the same time as Dun Vulan (Parker Pearson 
et al., 1999). 
 
Hornish point, South Uist 
The site of Hornish Point (Appendix Figure 6.3), a sand hill known as Cnoc Mor (meaning „big 
hillock‟), lays on a headland on the northeast coast of South Uist (James & McCullagh 2003).  
Rescue excavation conducted in 1984 by John Barber revealed a wheelhouse structure and 
associated midden (Parker Pearson and Sharples, 1999a).  A total of 12 ovicaprine jaws were 
recovered and data on the age structure of this assemblage is presented in Mulville et al. (2005: 
174). 
 
 Icelandic sites 
 
Hofstaðir and Sveigakot 
Data on the mandibular wear stages for the Icelandic sites were converted from Grant MWS for 
Hofstaðir, presented in McGovern et al. (2009) and for Sveigakot from data presented in 
McGovern et al. (2004b), using a method proposed by Hambleton (1999) described in Chapter 
3.4 (Table 3.2).  At Hofstaðir 87 mandibles were recorded for Phase 1, while 90 were aged from 
Phases 2 & 3.  Information on Sveigakot is based on interim data as the final faunal report has 
yet to be published.  For Phase 1 & 2, 14 sheep/goat jaws were identified and aged, while Phase 
3 produced 84 ovicaprine mandibles (McGovern et al., 2004b).  Descriptions of both sites are 
presented in sections 9.2.1.4 and 9.2.1.5. 
 
Hrísheimar 
Hrísheimar is located in the Mývatnssveit region in the north east of Iceland near the headwaters 
of streams Gautlandalaekur flowing into Laxá (Edvardson & McGovern 2007) and on the west 
side of Kraka drainage south of lake Mývatn (McGovern et al., 2006a).  This site was a 
substantial medium/large farm in 10
th
 century with specialized iron production and likely 
moderately wealthy smelting complex, occupied for 125-150 years and abandoned early 11
th
 
century (Edvardson & McGovern 2006).  Two phases have been identified on site; Phase 1, AD 
875-950 and Phase 2 between 950-1050 AD.  Excavations on site paused in 2006; however 
additional field investigation is planned in the future on the main farm hall mound (Edvardson & 
McGovern 2007), while the extensive midden is also still under excavation (McGovern et al., 
2006b).  Data from this site is, therefore, based on interim reports (McGovern & Perdikaris, 
2002).  Of the 14 sheep and goat tooth rows recovered, age at death could only be established 
in 12, presented in McGovern and Perdikaris (2002). 
 
 Greenlandic sites 
 
E71s 
The site of E71s (Russip Kuua, the South farm) located in the highlands within the Vatnahverfi 
region of the Eastern settlement (Appendix Figure 6.4) (McGovern 1992, Mainland & Halstead 
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2005) is one of a pair of medium sized inland farms separated by a stream (McGovern, 1985).  
The site was occupied between the later 11
th
 century and 13
th
 century AD, when it was likely 
abandoned (Mainland and Halstead, 2005).  This site has a third rank status, with a hall area of 
26m
2
 and byre area of 18m
2
 (Mainland and Halstead, 2005).  The ageing data for sheep based 
on the 61 mandibles recovered from this site presented by Mainland and Halstead (2005: 110, 
Table 2), therefore, derives from this time period.   
 
V52a 
The medium sized inland farm, V52a (Umîvarssuk), is situated in the Ameralik fjord (Appendix 
Figure 6.4) in the Western settlement (McGovern, 1985; Mainland and Halstead, 2005).  This is 
a tertiary ranked site, of a bondi level, with 38m
2
 of hall and 25m
2
 of byre (McGovern, 1985).  
The faunal remains from which the ovicaprine mandibular ageing data derive are from Roussell‟s 
excavations in the 1930‟s and are dated to between the 14
th
 and 15
th
 centuries AD.  A total of 35 
sheep jaws were recovered and the percentage age at death data is presented in Mainland and 
Halstead (2005: 110).   
 
V51 - Sandnes 
V51 is a large farm just across the Ameralik fjord from V52a in the Western settlement 
(Appendix Figure 6.4) and is associated with the large coastal church farm of Sandnes 
(Mainland and Halstead, 2005; McGovern, 1981).  This is a secondary rank site, that of a district 
chief level, with roughly 50m
2
 of byre (McGovern, 1985). 
 
Again the ageing data of 18 identified sheep jaws from this site recovered during Roussell‟s 
excavations in the 1930‟s are likely to have come from faunal remains accumulated during the 
last 100-150 years of the site‟s occupation which date the assemblage to the 14
th
 and 15
th
 
century (Mainland and Halstead, 2005: 110). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Eastern 
Settlement 
Western 
Settlement 
Appendix Figure 6.4:  Map of the 
Greenlandic sites of the Western and 
Eastern Settlements (adapted from 
Mainland and Halstead, 2005: 104). 
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GUS  
The site of GUS (Gården Under Sandet) meaning „Farm beneath the Sand‟ is the name given to 
a large, inland, chieftain farm located in the southernmost part of the Norse Western settlement 
of Greenland (Appendix Figure 6.4) (Berglund, 2000; Enghoff, 2003).  GUS is situated near the 
Ameralla branch of the Ameralik fjord system, approximately 80km from the coast (Enghoff, 
2003).  Excavations between 1991 and 1996 revealed a well preserved site that had been 
occupied for nearly the whole of the Norse period, as a series of structures from the first building 
constructed in the mid 11
th
 century to the last phase of occupation in the early 14
th
 century 
(Enghoff, 2003; Berglund, 2000).  The building constructed in the earliest phase was that of a 
small three-aisled hall or longhouse which was occupied between c1020 and 1200 AD, before 
being converted to an animal shed.  After 1200 AD construction began on the complex that 
would become the centralized farm comprising of a Greenlandic turf house with at least 8 rooms.  
The site was finally abandoned at the end of the 15
th
 century (Berglund, 2000). 
 
Although the faunal remains could be assigned to one of three construction phases, the small 
number of ovicaprine jaws (n=20), excluding known goats, required the data on mandibular wear 
stages for all phases be combined and therefore represent the whole period of occupation of the 
site, between 1000-1400AD.  The ageing data was calculated from the Grant mandibular wear 
stage frequencies presented in Enghoff (2003: 53, Figure 24).   
 
 
 
Site 
Cattle 
% 
Sheep 
% 
Pig  
% 
References 
Pool IA 43.81 43.79 12.40 Mulville et al. 2005 
Howe 7 50.32 33.65 16.04 Smith 1994 
Howe 8 35.90 43.31 20.79 Smith 1994 
Mine Howe 59.70 25.88 14.42 Mainland, pers comm. 
Tofts Ness 30.80 67.02 2.18 Serjeantson & Bond 2007 
Pool Norse 41.36 49.46 9.17 Mulville et al. 2002 
Earl‟s Bu 49.49 26.68 23.83 Mainland 1995 
Snusgar 49.03 39.24 11.73 Ewens & Mainland 2006; 2007; 2010 
Bornais IA 44.84 48.73 6.42 Mulville et al. 2005 
Baleshare 34.44 59.67 5.89 Halstead 2003 
Hornish Point 28.21 59.63 12.16 Halstead 2003 
Dun Vulan 40.81 43.41 15.78 Mulville et al. 2005 
Cill Donnain 43.07 46.83 10.10 Mulville et al. 2005 
Bornais Norse 34.69 56.21 9.10 Mulville et al. 2005 
Cille Pheadair 37 55 8 Mulville et al. 2005 
Hrísheimar 15.30 60.94 23.76 McGovern & Perdikaris 2002 
Hofstaðir 1 22.57 74.42 3.00 McGovern et al. 2009 
Hofstaðir 2 & 3 24.56 71.82 3.62 McGovern et al. 2009 
Sveigakot 1 & 2 27.10 65.21 7.69 McGovern et al. 2004b 
Sveigakot 3 21.07 78.13 0.79 McGovern et al. 2004b 
E71s 22.51 77.49 0.00 McGovern 1985 
GUS 23.40 76.56 0.04 Enghoff 2003 
V51 65.55  33.74 0.70 McGovern 1985 
V52a 46.38 53.62 0.00 McGovern 1985 
 
Appendix Table 7.1: Percentage of domesticates for sites in the North Atlantic used to plot 
triplots.  Data converted from NISP data presented in Appendix Table 7.2 
(NB. The data for Snusgar and Hrísheimar are based on interim reports)  
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Region Site Cow Sheep Pig Total 
Orkney 
Pool 2219 2218 628 4437 
Howe 7 4663 3118 1486 7781 
Howe 8 2994 3612 1734 6606 
Tofts Ness 1538 3347 109 4885 
Mine Howe 6052 2624 1462 8676 
Earls Bu 625 337 301 962 
Snusgar 1797 1438 430 3235 
Pool 1655 1979 367 3634 
Hebrides 
Baleshare 696 1206 119 1902 
Cill Donnain 1961 2132 460 4093 
Dun Vulan 160 271 122 431 
Bornais  729 793 97 1522 
Hornish Point 123 260 53 383 
Bornais  280 416 60 696 
Cille Pheadair 2132 3454 559 5586 
Iceland 
Hrísheimar 274 993 341 1267 
Hofstaðir 1 646 1820 86 2466 
Hofstaðir 2&3 1439 3799 212 5238 
Sveigakot 1&2 620 1492 173 2112 
Sveigakot 3 1220 4524 46 5744 
Greenland 
E71s 564 1942 0 2506 
V51 373 192 4 565 
V52a 173 200 0 373 
GUS 659 1742 1 2401 
 
Appendix Table 7.2:  NISP data for domesticates from sites in the North Atlantic used to plot 
triplots.  (NB. The data for Snusgar and Hrísheimar are based on interim reports)  
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Wear 
Stage 
Pool Howe 7 Howe 8 Mine Howe Tofts Ness 
No % 
% 
survival No % 
% 
survival No % 
% 
survival No % 
% 
survival No % 
% 
survival 
A 0 0.0 100 14 16.7 83.3 4 5.6 94.4 0 0.0 100 1 2.4 98 
B 1 2.0 98 9 10.7 72.6 9 12.5 81.9 9 5.9 94.1 6 14.3 83 
C 15 28.3 69.7 24 28.6 44.0 18 25.0 56.9 39 25.7 68.4 17 40.5 43 
D 15 28.3 41.4 18 21.4 22.6 12 16.7 40.3 22 14.7 53.7 10 23.8 19 
E 4 7.5 33.8 8 9.5 13.1 8 11.1 29.2 25 16.7 37 2 4.8 14 
F 12 22.6 11.2 4 4.8 8.3 11 15.3 13.9 34 22.8 14.3 2 4.8 10 
G 3 5.7 5.5 7 8.3 0 8 11.1 2.8 21 14.3 0 3 7.1 2 
HI 3 5.7 1.8 0 0 0 2 2.8 0 0 0.0 0 1 2.4 0 
 53  0 84  0 72  0 15  0 42  0 
 
Appendix Table 7.3:  Raw data from Iron Age Orcadian sites including percentage of dental wear stages and percentage survival of ovicaprines 
 
 
Wear 
Stage 
Bornais Baleshare Hornish Point Dun Vulan Cill Donnain 
No % 
% 
survival No % 
% 
survival No % 
% 
survival No % 
% 
survival No % 
% 
survival 
A 0 0 100 3 6 94 0 0 100 1 1 99 0 0 100 
B 1 10 90 7 14 80 0 0 100 12 11 88 0 0 100 
C 4 40 50 22 44 36 7 58 42 48 42 46 2 11 89 
D 3 30 20 0 0 36 0 0 42 6 5 41 2 11 78 
E 1 10 10 3 6 30 1 8 33 14 12 29 7 39 39 
F 1 10 0 4 8 22 1 8 25 20 18 11 3 17 22 
G 0 0 0 1 2 20 1 8 17 9 8 3 5 22 0 
HI 0 0 0 1 20 0 2 16 8 5 4 0 0 0 0 
 10  0 49  0   0 114  0 18  0 
 
Appendix Table 7.4:  Raw data from Iron Age Hebridean including percentage of dental wear stages and percentage survival of ovicaprines 
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Wear 
Stage 
Pool Earl’s Bu Snusgar Bornais Cill Donnain 
No % 
% 
survival No % 
% 
survival No % 
% 
survival No % 
% 
survival No % 
% 
survival 
A 3 1.72 98 0 0 100 0 0 100 0 0 100 0 0 100 
B 9 5.17 93 1 2.8 97 3 14.29 85.7 3 8 92 0 0 100 
C 46 26.44 67 1 2.8 94 5 23.81 61.9 7 18 74 2 11 89 
D 48 27.59 39 12 33.3 61 3 14.29 47.6 13 34 40 2 11 78 
E 27 15.52 24 18 50.0 11 3 14.29 33.3 7 18 22 7 39 39 
F 16 9.20 14 4 11.1 0 4 19.05 14.3 1 3 19 3 17 22 
G 19 10.92 3 0 0 0 2 9.52 4.8 3 8 11 4 22 0 
HI 6 3.45 1 0 0 0 1 4.76 0 4 10 6 0 0 0 
 174   36   21   38   18   
 
Appendix Table 7.5:  Raw data from Norse Orcadian and Hebridean sites including percentage of dental wear stages and percentage survival of 
ovicaprines 
 
 
 
Wear 
Stage 
Hrísheimar Hofstaðir 1 Hofstaðir 2&3 Sveigakot 1&2 Sveigakot 3 
No % 
% 
survival No % 
% 
survival No % 
% 
survival No % 
% 
survival No % 
% 
survival 
A 0 0 100 4.97 7 93 2.96 4.0 96 1 7.1 93 3 3.6 96 
B 0 0 100 0 0 93 1.85 2.5 94 0 0.0 93 6 7.1 89 
C 1 8.3 92 20.59 29 64 12.0 16.3 77 3 21.4 71 7 8.3 81 
D 6 50 42 17.04 24 40 17.2 23.3 54 3 21.4 50 18 21.4 60 
E 1 8.3 33 4.97 7 33 7.03 9.5 45 2 14.3 36 15 17.9 42 
F 0 0 33 4.26 6 27 2.22 3.0 42 1 7.1 29 13 15.5 26 
G 1 8.3 25 7.1 10 17 7.22 9.8 32 4 28.6 0 14 16.7 10 
HI 3 25 17 12.07 17 6 23.5 31.8 24 0 0.0 0 8 9.5 6 
 12   71   74   14   84   
 
Appendix Table 7.6:  Raw data from Norse Icelandic sites including percentage of dental wear stages and percentage survival of ovicaprines
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Wear 
Stage 
E71s V52a V51 GUS 
No % 
% 
survival No % 
% 
survival No % 
% 
survival No % 
% 
survival 
A 0 0.0 100 0 0.0 100 0 0.0 100 2 10 90 
B 1.34 2.2 98 2.25 6.4 94 1.2 6.7 93 0 0 90 
C 25.42 41.7 56 3.37 9.6 84 2.4 13.3 80 2 10 80 
D 12.67 20.8 35 3.86 11.0 73 2.9 16.1 64 3 15 65 
E 3.14 5.1 30 5.82 16.6 56 3.17 17.6 46 4 20 45 
F 7.33 12.0 18 8.31 23.7 33 1.58 8.8 38 2 10 35 
G 3.77 6.2 12 3.42 9.8 23 5.25 29.2 8 6 30 5 
HI 7.33 12.0 0 7.97 22.8 0 1.5 8.3 0 1 5 0 
 61   35   18   20   
 
Appendix Table 7.7:  Raw data from Norse Greenlandic sites including percentage of dental wear stages and percentage survival of ovicaprines
 9
3
 
 
 
Site Code A B C D E F G HI NISP References 
Pool IA 1 0 1 15 15 4 12 3 3 53 Mulville et al., 2005 
Howe 7 2 14 9 24 18 8 4 7 0 84 Smith, 1994 
Howe 8 3 4 9 18 12 8 11 8 2 72 Smith, 1994 
Mine Howe 4 0 9 37 15 25 34 21 0 143 Mainland, pers comm. 
Tofts Ness 5 1 6 17 10 2 2 3 1 45 Serjeantson and Bond, 2007 
Pool Norse 6 3 9 46 48 16 19 19 6 181 Mulville et al., 2005 
Earl‟s Bu 7 0 1 1 12 4 0 0 0 42 Mainland, 1995 
Snusgar 8 0 3 5 3 4 2 2 3 28 Ewens & Mainland, 2005; 2006; 2007 
Bornais IA 9 0 1 4 3 1 1 0 0 20 Mulville et al., 2005 
Baleshare 10 3 7 22 0 3 4 1 10 60 Halstead, 2003 
Hornish Point 11 0 0 7 0 1 1 1 2 24 Halstead, 2003 
Dun Vulan 12 1 12 48 6 14 20 9 5 123 Mulville et al., 2005 
Cill Donnain 13 0 0 2 2 7 3 4 0 27 Mulville et al., 2005 
Bornais Norse 14 14 18 39 29 7 1 53 6 218 Mulville et al., 2005 
Cille Pheadair 15 0 3 7 13 16 29 3 4 51 Mulville et al., 2005 
Hrísheimar 16 0 0 1 6 1 0 1 3 31 McGovern & Perdikaris, 2002 
Hofstaðir 1 17 5 0 21 17 5 4 7 12 86 McGovern et al., 2009 
Hofstaðir 2 & 3 18 3 2 12 17 7 2 7 23 89 McGovern et al., 2009 
Sveigakot 1 & 2 19 1 0 3 3 2 1 4 0 31 McGovern et al., 2004b 
Sveigakot 3 20 3 6 7 18 15 13 14 8 102 McGovern et al., 2004b 
E71s 21 0 1 25 13 3 7 4 7 80 Mainland & Halstead, 2005 
GUS 22 2 0 2 3 4 2 6 1 20 Enghoff, 2003 
V51 23 0 1 2 3 3 2 5 2 41 Mainland & Halstead, 2005 
V52a 24 0 2 3 4 6 8 3 8 55 Mainland & Halstead, 2005 
Total  54 100 368 270 166 187 185 106 1436  
%  3.76 6.96 25.63 18.80 11.56 13.04 12.88 7.38 100  
 
Appendix Table 7.8: NISP wear stage data used in the correspondence analysis Key: code = code numbers assigned to the sites used in the 
correspondence analysis 
NB. The data for Snusgar and Hrísheimar are based on interim reports 
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Strategy Description Mortality Profile 
Milk A intensive dairying (for trade/ commerce) A EF 
Milk A & Meat A 
exploitation of milk but keeping the young on for 
their meat, culling during their first year. 
A B C 
Meat A 
tender meat, for domestic 
consumption/household level; B-C = 90% of 
distribution 
B C D 
Meat B 
maximum weight (males); profitable for 
market/commerce level 
C D EF 
Meat B & Fleece 
Sheep kept for meat and some kept on to old 
age for fleece 
D G HI 
Milk B & Meat B 
the exploitation of milk but keeping the young on 
for exploitation of their meat at their peak. Best 
of both worlds. 
D EF 
Milk B 
killing females due to reduced milk production/ 
lamb production, keeping lambs on for meat, no 
mass killing below 6 months; lamb separated 
from mothers a least part of day 
EF G 
Milk B & Fleece 
Exploitation of females for milk, while keeping 
some castrates for wool, excess female lambs 
being killed between 6 months and 2 years 
EF G HI 
Fleece 
culling of individuals due to decreased fleece 
quality 4-6
+
 years (castrates) 
G HI 
 
Appendix Table 7.9:  The outline of management systems proposed by Helmer et al.(2007) for 
the interpretation of correspondence analysis plots of mortality profiles 
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Appendix 7.1:  Results of mortality profiles 
 
Iron Age Orkney  
IA Pool has a peak percentage of deaths occurring between stages C and D, at 28% each, with 
a secondary peak at stage F (23%) and with 87% of the total dying between wear stages C and 
F (6 months and 4 years).  Very few older individuals and only 2% younger than 6 months (in 
wear stage B) were recovered.  The percentage survivorship (Figure 7.7) shows a distribution 
which falls close to Payne‟s optimal meat models. 
 
At Howe during the earlier IA Phase 7 there is an emphasis on animals killed at wear stages C 
(29%) and D (21%); there is also a high (17%) presence of individuals between 0-2 months 
(stage A).  This emphasis changes in Howe Phase 8, with fewer individuals dying before 6 
months of age, a dramatic drop in wear stage A of 11% and, although the primary peak remains 
between stages C and D (6 months to 2 years), there is a greater representation of animals 
older than 3 years (40%).  This difference is clearly reflected in the percentage survivorship in 
which both curves fall between the milk and meat strategies, but with Phase 7 closer to the milk 
curve and Phase 8 to the meat model. 
 
Sheep/goat at Mine Howe reflect a similar pattern to Howe Phase 8, with a larger number of 
individuals (26%) killed at wear stage C and with 39% dying between 2-4 years (stages E and F) 
again with a greater proportion of F (23%).  At this site no neonatal remains were recovered, nor 
individuals older than 6 years.  This pattern appears to be similar to Payne‟s optimal meat curve 
(Figure 7.7). 
 
The mortality profile for Tofts Ness shows that 79% of ovicaprines on site were killed between 2 
months and 2 years of age, of which 40% died aged between 6-12 months.  Very few neonatal 
or adult remains were recovered from this site, with only 2% at Payne stage A and stage H (6-8 
years).  The percentage survivorship curve for Tofts Ness closely follows that of Howe Phase 7, 
i.e., between a milk and meat strategy. 
 
Norse Orkney  
The Norse occupation phase at Pool does not seem very different from the IA phase, with similar 
percentages of individuals being slaughtered between C and D (totalling 54%), very few younger 
than 6 months (7%) or older than 4 years.  The Norse period does not, however, show a 
secondary peak in the distribution at wear stage F, with a reduction in number of animals killed 
at 3-4 years from 23% to 9% between the phases.  The distribution for this site most closely 
resembles Payne‟s meat curve in Figure 7.8. 
 
The settlement at Earl‟s Bu shows a very different distribution, with 94% of individuals 
represented on site aged between 1 and 4 years (wear stage D to F) and half the animals 
recovered aged 2-3 years.  The remaining 6% of mandibles were from individuals less than a 
year old, as no animals older than 4 years were found.  The dramatic drop in survivorship 
between 1 and 3 years seen in Figure 7.8 most closely resembles the meat curve.  The absence 
of very young and old animals at this site, however, suggests that the remains are not 
representative of a subsistence herd. 
 
The site of Snusgar showed a similar distribution to Howe Phase 8 with only a slight emphasis 
on culling at stages C (24%) and F (19%).  No neonatal remains were recovered.  The 
survivorship curve for this site follows Payne‟s meat model, with 71% of the animals killed 
between 6 months and 4 years. 
 
Iron Age Hebridean   
The IA phase at Bornais revealed a distribution of sheep/goat mandibles aged between 2 
months and 4 years (wear stage B – F), with a peak at wear stage C (6-12 months) and to a 
lesser extent D (1-2 years) totalling 70%.  No mandibles of neonatal or adult individuals (older 
than 4 years) were recovered.  This survivorship pattern can be seen to fall between the milk 
and meat curves in Figure 7.9. 
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In the ovicaprine mortality profile for Baleshare (Figure 7.5) two peaks in the distribution can be 
seen, 44% being culled between 6-12 months (stage C) and a further 20% living to be older than 
6 years.  Like Baleshare the site of Hornish Point also shows a high proportion of individuals 
(58%) killed between 6-12 months and 17% living to HI wear stages (6+ years); however no 
animals were found younger than 6 months.  At both sites no individuals aged between 1-2 
years (stage D) were present.  The survivorship curves for both these sites are similar and are 
found between the milk and meat model curves (Figure 7.9). 
 
At Dun Vulan, 42% of ovicaprines died between 6-12 months with a further 30% killed between 
wear stages E and F, 18% of which were killed at 3-4 years (F).  Only 5% of those mandibles 
discovered on site, however, were aged between 1-2 years.  Figure 7.9 shows that the 
distribution for this site again falls between milk and meat. 
 
Unlike the other IA Hebridean sites in this study Cill Donnain does not have the peak age at 
death at 6-12 months but rather an emphasis can be seen at the later young adult stage E 
(39%), with 78% of the total culled between 2-6 years.  No ovicaprine mandibles were recovered 
from animals aged younger than 6 months or older than 6 years.  This survivorship trend most 
closely resembles Payne‟s meat curve (Figure 7.9).   
 
Norse Hebridean  
When comparing the Norse phase of occupation at Bornais with the IA, there is a shift in 
emphasis to the culling of slightly older individuals, from stages C and D to D (34%) and E 
(18%).  Like the IA phase no neonatal mandibles were recovered.  This pattern of culling most 
closely follows Payne‟s optimal meat curve (Figure 7.10). 
 
At Cille Pheadair the distribution is weighted more to the older individuals.  The most common 
wear stage represented is G (4-6 years) at 26%, followed by 19% at stage C (6-12 months).  
There is also a relatively high (7%) frequency of individuals aged 0-2 months.  Like Norse 
Bornais this site also has a distribution most closely following Payne‟s meat trend (Figure 7.10). 
 
Icelandic 
At the Icelandic site of Hrísheimar a major peak can be seen in the mortality plot at 1-2 years, 
with 50% of individuals dying at this age.  A further 25% of animals were aged at stage HI (6+ 
years), of which 17% were greater than 8 years old.  No mandibles recovered were from animals 
younger than 6 months.  When examining the survivorship curve the distribution at Hrísheimar 
appears to fall between the meat and wool model (Figure 7.11). 
 
During Phase 1 at Hofstaðir the majority of ovicaprines were killed between 6 months and 2 
years (53%), with the emphasis on wear stage C (29%); however, a relatively high 17% of 
animals appear to have survived to 6+ years (HI).  No individuals were found representing the 
age group B, 2-6months.  In comparison the later Phases 2 & 3 at Hofstaðir sees a shift in 
emphasis to wear stage HI, when 31% of sheep/goats were being killed, with a corresponding 
reduction in individuals culled between wear stages C and D to 39%.  This site is unusual in 
comparison to the other North Atlantic sites studied as it has the highest number of individuals 
dying in the oldest category, I, with 24% aged between 8-10 years.  Again a very low 2% of 
individuals were aged between 2-6 months.  This difference in mortality profiles can be clearly 
seen in the survivorship curves (Figure 7.11) as Phase 1 is closer to the meat curve while Phase 
2 & 3 lies between the meat and wool curve but closer to the optimal wool production curve. 
 
Like the site at Hofstaðir there is a slight shift in the pattern of age distribution between the 
phases at Sveigakot.  In Phase 1&2 the highest percentage, 29%, falls at wear stage G (4-6 
years) with a slightly lower but equal emphasis between stages C and D which together 
comprise 21%.  In Phase 3 there is a slight emphasis on individuals in wear stages D (21%) and 
E (18%), with a further 17% killed at 4-6 years.  In both phases few individuals younger than 6 
months were recovered with only 7% found at between birth and 2 months in Phase 1&2 and a 
total of 11% younger than 6 months (4% 0-2months and 7% 2-6 months) in Phase 3.  In the 
survivorship curve both the earlier and later phases of occupation are seen to fall between 
Payne‟s optimal meat and wool curves (Figure 7.11). 
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Greenlandic 
No neonatal mandibles were recovered on the site of E71s and there were very few young jaws, 
only 2% at 2-6 months of age (Figure 7.6).  The majority of animals (42%) appear to have been 
killed between 6-12 months, with a further 21% dying at 1-2 years.  There is also a relatively 
high frequency, 12%, dying at stage H (6-8 years).  The distribution of ovicaprine age at death 
for E71s appears to fall between the milk and meat model curves (Figure 7.12). 
 
In contrast, GUS showed an emphasis on individuals in wear stage G at 30%, with a secondary 
peak of 20% dying in stage E (2-3 years).  Unusually, in comparison with the other Greenlandic 
sample sites, GUS has neonatal animals (stage A, birth to 2 months) represented at 10% of the 
total.  Also in a similar pattern to the Icelandic sites it was noted at GUS that no animals were 
found aged between 2-6 months (wear stage B).  The percentage survivorship for this site falls 
between Payne‟s meat and wool curves and is followed very closely by the curve for the other 
western settlement site of V51 where the emphasis is again at stage G (29%) and stage E 
(18%).  No jaws were found of animals below 2 months of age at V51. 
 
Finally at the farm site V52a, 40% of ovicaprines were found to have died between stages E and 
F, with 24% of those killed between 3-4 years.  The next highest percentage, 23%, was of older 
individuals dying at stage H (6-8 years).  No individuals could be aged to wear stage A, 0-2 
months.  Compared to Payne‟s optimal product curves (Figure 7.12), V52a like the other western 
sites falls between meat and wool. 
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Appendix 8.1:  Mortality profiles and species representation 
 
Orkney Iron Age 
At IA Pool there is evidence for the equal emphasis on culling between wear stages C and D (6 
months to 2 years), the latter being a prime meat age.  There is a second peak at F (3-4 years) 
which might be indicative of the cull of mature Northern short-tail sheep or breeding/milking 
females past their prime.  A comparison of the percentage survivorship with Payne‟s optimal 
mortality curves for meat, milk and wool shows that the distribution at IA Pool falls closest to the 
meat curve.  The presence of equal numbers of animals killed during their first autumn/winter 
and those killed between the first and second year might suggest that there were issues with 
over wintering the entire flock.   This doesn‟t preclude the use of the secondary products, milk 
and wool, but indicates that meat was the more desirable product.  This is supported by the 
mortality data for the cattle, present in relatively similar numbers as the ovicaprines, which reveal 
a system more intensively focused on dairy production; with 47% of individuals being 
slaughtered by 6 months old, of which 40% died at less than 1 month of age (Serjeantson & 
Bond 2007). 
 
Howe Phase 7 has the highest percentage (17%) of neonatal animals aged to Payne‟s wear 
stage A (0-2 months) of all the sites examined in this study.  In Payne‟s optimal milk model 50% 
of the flock, the surplus lambs, are slaughtered before 2 months.  The peak culling, however, 
appears to have taken place between 6-12 months, of tender meat during the first autumn and 
winter.  This, together with the high proportion of neonatal remains, suggests that although milk 
was being utilised, meat was also desirable.  This is confirmed by the survivorship curve for the 
site (Figure 7.7) which lies between the meat and milk curves; although the distribution is closer 
to the milk model.   This trend changes slightly in the later Phase 8 at Howe where there is a 
reduction in the percentage of neonatal animals and peak culling is at wear stage C and F.  The 
peak at Payne stage F, 3-4 years, might be indicative of the slaughter of breeding or milking 
females in declining productivity but also suggests mature animals of prime meat bearing age.  
Taken in conjunction with the high percentage of ovicaprines aged 6-12 months this suggests a 
mixed strategy of milk and meat utilisation, although in this mortality profile more individuals 
appear to be surviving to older ages than in the earlier phase.  There is also a change in 
frequency of sheep/goat to cattle between the phases of the site; with cattle being more 
important during the early part of the IA and sheep/goat later becoming dominant with an 
increase in the utilisation of pig.  At Howe, based on combined mortality data from all phases of 
occupation, cattle had a relatively high percentage, 38.6%, of neonatal jaws (0-1 months).  A 
second peak age at death occurred at juvenile/immature age most likely during Halstead (1985) 
stage C (8-18 months) of 29.3% (Smith 1994).  It is likely, therefore, that cattle were at least in 
part utilised for their milk.  The change in emphasis of sheep husbandry is accompanied by a 
dramatic decrease in the number of red deer bones found between Phase 7 and 8, from 16% to 
3%, suggesting a decrease in the deer population in Orkney at this time (Smith 1994).  With 
higher numbers of deer providing meat and cattle used mainly for milk, farmers could afford to 
employ a mixed strategy for sheep/goat in Phase 7; when the numbers of deer decline, coupled 
with a slight reduction of cattle in relation to sheep/goat, meat becomes a more important 
product from ovicaprines.  
 
The site at Mine Howe has a high percentage of individuals in wear stages C and F suggesting a 
mixed strategy of milk and meat utilisation, despite the fact that the survivorship curve for this 
distribution more closely resembles Payne‟s optimal meat model (Figure 7.7).  The presence of 
young tender animals, at 6-12 months (26%) is perhaps the result of flock adjustment during 
autumn due to the pressure of fodder production; while the peak at stage F could be the result of 
mature females being culled towards the end of their breeding lives at the point of maximum 
meat return, especially as 75% of sexed adult ovicaprine pelvii were female.  As nearly 60% of 
the domesticated animals on site are cattle producing a mix strategy of meat and milk (Davis 
2009), herders could afford to have a mixed strategy of production among ovicaprines. 
 
At Tofts Ness the main slaughter occurred between 2 months and 2 years (stages B-D) with the 
highest percentage of animals culled at 6-12 months (wear stage C).  This indicates an 
autumn/winter cull of ovicaprines perhaps in a resource stressed situation.  The relatively low 
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percentage of mature animals which would have provided more meat suggests that a mixed 
economy herding strategy, in which milk was a desired product but that lambs and kids were 
kept on to fatten for meat.  This is supported by the survivorship curve for Tofts Ness which fell 
between Payne‟s optimal milk and meat models (Figure 7.7).  Sheep/goats are the dominant 
domestic species on this site with 67% representation in comparison to 31% of cattle.  Although 
cattle may have been considered a more important source of meat for the settlement, the high 
percentage of calf mortality, with 62% of animals dying by 6 months of age (Serjeantson & Bond 
2007a), suggests a more intensive system of milk production (Nicholson & Davis 2007). 
 
Orkney Norse 
There is an emphasis at wear stages C (26%), D (28%) and EF (25%) at Norse Pool, very 
similar to the distribution of the IA settlement phases, suggesting meat is the primary goal.  
There is, however, a difference with a higher number of deaths occurring in wear stage E than F 
in the Norse period; a culling at 2-3 years might represent mature individuals of greater meat 
bearing age.  The ability to rear animals for a number of winters indicates that there is no 
problem in providing fodder.  Roughly similar percentages of cattle and sheep/goat were noted 
during this phase of occupation.  The pattern of cattle mortality similar to that in the IA suggests 
intensive milk production  with the slaughter of superfluous male calves at a young age, 60% 
before 6 months and 44% by 1 month (Serjeantson & Bond 2007), supplementing the meat 
provided by the ovicaprines.   
 
At Earl‟s Bu a very strange distribution is seen with 50% of ovicaprines dying in wear stage E 
and 33% in stage D, both at prime meat bearing ages.  This appears to fit with an optimal meat 
producing strategy.  The lack of younger and particularly older individuals, necessary in a herd 
structure for reproduction, suggests, however, that meat was being brought into site at least in 
part on the hoof.  Cattle mortality for this site was also indicative of meat utilisation (Davis 2009).  
Cattle appear on site in very much higher numbers than sheep/goat representing 50% of 
domesticate species to roughly 25% utilisation of sheep/goat.  Finally, the presence of high 
numbers of pig (24%) on this site is also interesting, as this does not appear to have been 
common practice at this time in the Orkney isles.  All this evidence seems to suggest feasting, 
which fits with the status of the site as the Earl of Orkney‟s residence and feasting hall.   
 
The mortality distribution for ovicaprines at Snusgar shows that there are two slight peak ages at 
death, the greater at C the other at wear stage F.  This could represent an adjustment of flock 
numbers by culling during the first autumn/winter, with the killing later of prime aged meat at 3-4 
years representing breeding/milking females.  This suggests a mixed meat and milk production 
system where meat may have been the more desirable product and is supported by the 
survivorship curve for Snusgar which most closely follows Payne‟s meat curve.  Interim data 
suggests that secondary and primary butchery of ovicaprines was being carried out on site, 
while there is some evidence in the cattle remains that joints of meat were being brought on to 
site as well as on the hoof (Ewens & Mainland 2006).  At Snusgar there is a similar 
representation of cattle and sheep (39%), although there is a slightly higher percentage of cattle 
(49%).  Based on the interim data the pattern of exploitation of cattle seems to be at its peak at 
30-36 months with high percentage of animals also killed at adult and senile stages (Ewens & 
Mainland, 2006, 2007, 2010).  This suggests, therefore, a highly meat consuming site which in 
comparison to Earl‟s Bu may speak to its status. 
 
Hebrides Iron Age 
The pattern at IA Bornais is a little confusing.  The distribution of age at death for sheep/goats 
suggests that the flock would not have been self sustaining, as no individuals older than 4 years 
or neonatal animals were recovered.  The peak age at death falls between wear stages C (40%) 
and D (30%) and is indicative of a meat production strategy but where milk may also have been 
important due to the younger ages at death.  The mortality curve also puts the strategy at IA 
Bornais between milk and meat production (Figure 7.9).  With roughly similar proportions of 
sheep/goat and cattle this choice of production may be explained by assessment of cattle 
mortality.  While too few cattle jaws were recovered to allow this, a high percentage of neonatal 
remains suggests that milk production may have been sought (Mulville 2005). 
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A more interesting pattern was noted in the mortality plots for Baleshare and Hornish Point as 
neither had any individuals aged to wear stage D (1-2year).  This may have skewed the 
importance of the percentage of animals recovered at wear stage C; however, if this assemblage 
is representative of a breeding herd, it is suggestive of the exportation of prime meat bearing 
individuals from site.  Otherwise the low percentage of young animals and high proportion of 
wear stage C suggests the use of both milk and meat.  The cattle on both sites, which represent 
approximately 30% of domesticates, have a bimodal distribution of age at death with a large 
peak within the first few weeks of life and smaller peak representing breeding age (Halstead 
2003); it is, likely therefore, that cattle were being used for their milk.  It is also possible that the 
ovicaprines on these sites may have been utilised for mixed strategy where meat was more 
important. 
 
At Dun Vulan a high percentage of animals were seen to be killed at 6-12 months with a 
secondary peak at 3-4 years which suggests a mixed use of milk and meat.  This is supported 
by the kill off pattern seen in Figure 7.9 showing that at least up to a year the pattern falls 
between milk and meat optimum curves.  This system would be supplemented by the cattle 
reared on site which display a high infant mortality (Mulville 1999) with nearly 50% mandibles 
recovered from individuals aged less than 1 month old (Mulville et al. 2005). This is highly 
suggestive of a herd kept for milk. 
 
Conversely at IA Cill Donnain the mortality plot shows that very few deaths occurred before 2 
years suggesting that meat or wool was the aim; the lack of old adults, however, indicates that 
the former is the likely strategy.  There is an emphasis on animals 3-4 years old when Northern 
short-tailed sheep are likely to have reached full body weight for meat production although some 
are likely to be the result of culling females at the end of their breeding life.  The mortality data 
for Cill Donnain cattle shows an emphasis on neonatal animals (ie. 0-1 month) and then on 
young adults and older (Mulville et al. 2005) which would seem to signify cattle being used at 
least in part for milk production, which would free up the ovicaprines for more intensive meat 
production. 
 
Hebrides Norse 
At Norse Bornais 70% of ovicaprines were being killed between wear stages C and E (6 months 
to 3 years) with the peak age at death, 34%, at 1-2 years (stage D) indicating meat production.  
Unlike the IA phases of occupation some individuals were also kept on to an older age.  There is 
also roughly the same utilisation of domestic species between time periods, although with a 
slight increase in sheep/goat over cattle.  Studying the mortality profiles for the cattle from the 
Norse phases of occupation there is a peak at 18-30 months (35%) indicative of the use of cattle 
for beef (Mulville 2005).  This also reflects a change in cattle husbandry over time. 
 
Cille Pheadair has a bimodal distribution, with a peak of 33% between 6 months and 2 years (C-
D) and a slight emphasis, 40%, between wear stages F and G (3-6 years).  This suggests a 
mixed milk and meat strategy with milk being more important as there is a high number of 
breeding females being culled in group G, but a low number of very young showing that meat 
was also desired.  The age a death of the cattle shows that a significant percentage survived to 
senile age, with a relatively even distribution of all other age groups, although with slight 
emphasis at between 1-8 months and 30-36 months (Mulville et al. 2005).  This indicates that 
cattle may have been used for mixed strategy (milk and meat) as well, while the older individuals 
may have also been used for traction.    
 
Iceland 
Hrísheimar has an unusual distribution with very high proportion of animals aged 1-2 years and 
6+ years; there is also a lack of young or breeding aged individuals.  This is indicative of a meat 
producing system, but the extreme percentage of prime meat aged individuals suggests that in 
part some must have been imported onto site, as this mortality profile is not representative of a 
self sustaining system.  The high proportion of senile individuals over 6 years would seem to 
indicate that wool was also desired.  This is confirmed by the survivorship plot (Figure 7.11) as 
the curve for Hrísheimar lies between the meat and wool curves.  It is, therefore, unlikely milk 
production from the ovicaprines on site was desired as these strategies are not compatible.  This 
is supported by interim data collected from both fusion and mandibular data for cattle which 
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determined that 40% of animals were killed as neonates, less than 3 months old, most likely 
reflecting a dairying economy in cattle (McGovern & Perdikaris 2002).  There is also an 
unusually high percentage of pig remains at Hrísheimar in comparison to the other Icelandic 
sites of similar age and location.    
 
At Hofstaðir a slight change can be seen in the herding strategy between the earlier phases of 
occupation and the later.  The emphasis in Phase 1 on wear stage C and D (53%) is suggestive 
of meat production, the younger age group perhaps indicating an adjustment of flock size and 
composition in autumn.    This doesn‟t preclude the use of milk, although there doesn‟t appear to 
be a cull of very young individuals indicative of optimal usage and there is a relatively low 
percentage of individuals representing breeding females (i.e. between wear stages F and G).  
There is also a slight emphasis on old adult animals (6+ years) which may suggest that at least 
part of the flock may have been kept for wool.  This seems to reflect a mixed strategy of meat 
and wool production.   
 
In the later phases of occupation, Phase 2&3, this mixed strategy seems to continue but with 
wool production becoming a more important function of ovicaprines on site than meat.  The fact 
that neither phase at Hofstaðir indicates the use of sheep/goats for milk can be understood when 
the age distribution of cattle, which make up 25% of the domesticated mammals, is considered.  
At this site there seem to have been a high percentage of very young cattle killed, less than 1 
month old, suggesting that in part there is dairy production although not always optimising for 
this (McGovern et al. 2009).  Sheep stature also shows the presence of both ewes and a 
substantial proportion of wethers or rams (McGovern et al. 2009).  A comparison of the two 
occupation phases also reflects a change in the survivorship curves with the Phase 1 closer to 
Payne‟s optimal meat profile and Phase 2&3 falling between the meat and wool curves, although 
closer to wool.   
 
When comparing Phase 1&2 with Phase 3 at Sveigakot there are also differences.  During the 
earlier occupation of the site there was an emphasis at wear stage G (4-6 years) suggestive of 
the culling of breeding females, with further deaths occurring between 6 months and 2 years.  
Together this profile seems to indicate the use of ovicaprines for milk and meat, where meat was 
the more desirable product.  During Phase 3 there is a more even distribution of ages with a shift 
to the culling of older animals and the peak age at death at 1-2 years.  This distribution is closer 
to a meat profile with the killing of individuals during the prime meat ages 1-4 years.  This 
change in emphasis from a mixed subsistence of milk and meat to primarily meat production is 
accompanied by a big decrease in the numbers of pigs at Sveigakot between phases, of nearly 
7% of domesticated species. 
 
A comparison of the survivorship curves (Figure 7.11) show that Sveigakot 1&2 mortality curve 
falls between meat and wool, but is closer to meat, the same as in Phase 3.  Sveigakot does not 
appear to have been dependant on ovicaprines for milk as the cattle on site during both phases 
seem to have been reared for milk production as evidenced by a high percentage of very young 
animals, less than 1 month (McGovern et al. 2009). 
 
Greenland 
An examination of the mortality plot for sheep at E71s shows a mixed subsistence strategy of 
meat and milk utilisation.  This is seen by the majority of animals dying at 6-12 months (42%), 
with a further 12% at wear stage F, likely representing breeding females and very few younger 
individuals present.  This can be understood when considering that there is heavier reliance on 
the domesticated species (47%) than wild species like seal (used for its meat) which only 
comprise 36% of the faunal assemblage for site (McGovern 1985).   As ovicaprine constitute 
77% of the domestic livestock it is likely that these animals were required to provide for the short 
fall in meat and fat required for survival in the Greenlandic diet (Outram 2003).   
 
At GUS, like the Icelandic sites, there is a lack of infant animals aged 2-6 months, despite the 
presence of neonatal animals and the excellent preservation on site; this is likely, therefore, the 
result of herding strategies rather than the non retrieval of fragile bones (Enghoff 2003).  The 
highest percentage of animals on site are aged 4-6 years suggesting that this is the culling of 
breeding females, while the next highest percentages are within the meat culling range of 1-3 
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years.  Hence it looks like a meat producing site although the presence of so many adult 
individuals would not preclude the use of wool and milk as well.  At GUS milk may have been the 
most important product from cattle due to the high percentage of young (less than a year) and 
old animals between 6-8 years (Enghoff 2003) and the relatively low percentage of this species 
(27%) in relation to ovicaprines.  As two thirds of the faunal assemblage comprises of caribou 
and seal, killed for their meat, and cattle reared for their milk, it is likely that ovicaprines are 
employed for a mixed production strategy.  The survivorship plot (Figure 7.12) puts the site 
between meat and wool procurement.   
 
A very similar pattern can be seen at the site V51 when examining the mortality profile for sheep.  
A high percentage of animals aged 4-6 years, probably culled as breeding females, followed by 
the meat bearing stages D and E (1-3 years).  It is likely that this indicates a mixed subsistence 
strategy in which meat is the major goal; however the survivorship curve (Figure 7.12) shows a 
trend falling between meat and wool utilisation.  Two thirds of the faunal remains on site are from 
seal and caribou, which represent the major source of meat for the site, while of the remaining 
third of species, 66% are cattle (McGovern 1985).  The major cull seems to be a little later in 
goat than sheep (Mainland & Halstead 2005).   
 
The peak age at death at the site of V52a is 3-4 years but a higher emphasis is also seen of old 
to senile aged animals (6+ years) than at other Greenlandic sites. It is likely that this represents 
a system of culling of males of prime meat bearing age and optimising on meat production in 
females reaching the end of their milking/breeding life, while keeping on some of the flock as 
wethers until wool quality reduces.  A strategy of mixed meat and wool production is supported 
by the comparison of the survivorship curve with Payne‟s optimal models (Figure 7.12).  67% of 
the faunal assemblage is from seal and caribou and only 28% is from domesticates with equal 
emphasis on cattle and sheep.  The ovicaprine herding strategy is, therefore, supporting the 
meat procured from wild species but also providing a resource they are unable to get elsewhere, 
namely wool.  It is likely that this site could afford to keep animals to such an age because of 
access to extensive upland pasture and larger than average byre for the region (Mainland & 
Halstead 2005).   
 
 
Appendix 8.2:  Comparison with interpretations of other researchers 
 
Orkney 
At Pool for both the IA and Norse phases, sheep mortality shows that the majority of animals 
died during the second and third years of life.  Bond (2007) interprets this as an indication that 
meat was an important product from sheep, although also suggests that these animals could 
have also yielded 1 or 2 clips of wool as well.  No specific interpretation of the use of sheep/goat 
was made in the animal bone report produced for Howe, other than milk and meat could have 
been utilised and the noted presence of artefacts associated with spinning and weaving that 
suggest that wool would have also been harvested.  A change was noted, however, between 
Phase 7 and 8 with more animals surviving to greater ages in the latter (Smith 1994).  At Tofts 
Ness sheep do not appear to be intensively exploited for a single product according to 
Serjeantson and Bond (2007a). 
 
Hebrides 
Mulville (2005) suggests that at Bornais sheep were kept for same thing during the IA and the 
Norse period, with the majority of individuals dying between 1 and 3 years; they were valued for 
their meat.  Sheep age was also seen to increase between the IA and Norse period, with more 
animals being over wintered meaning that fleeces could also be harvested prior to slaughter. 
 
A similarity was noted between the sites of Baleshare and Hornish Point.  The majority of sheep 
were culled at 6-12 months in autumn or over winter.  Halstead (2003) suggests that these 
animals were raised for their meat, as most of these animals were identified as being male, while 
those surviving to older ages where females indicating breeding stock and not wool production 
(Halstead 2003). 
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Ovicaprine mortality evidenced by mandibular and fusion data suggest a pattern of slaughter at 
Dun Vulan consistent with the use of sheep for meat production.  The individuals kept to an older 
age probably being indicative of animals used for breeding and wool production (Mulville 1999).  
Mulville (1999) also suggests that as the majority of animals were killed in their first 
autumn/winter and there was a lack of prime aged animals, milk was of primary importance. 
 
At Cill Pheadair animals were slaughtered on attaining full size for their meat, with some adult 
individuals kept on as breeding stock (Mulville, in prep.). 
 
Iceland 
Both phases at Hofstaðir show heavy culling during the first year of life, although a large 
proportion of older individuals were also surviving (McGovern et al. 2009).  Examination of 
stature indicates that these older animals represented both ewes and wethers suggesting to 
McGovern et al. (2009) that duel flocks were being managed for both milk and wool, but with a 
more major commitment to wool production occurring during Phase 2&3, although this was did 
not represent an optimised strategy. 
 
This is different from Sveigakot where the there is a regular culling of adults between 2-4 years 
(McGovern et al. 2009).  The major goal of sheep husbandry at Sveigakot was for wool 
production throughout the sites occupation according to McGovern et al. (2004b), but especially 
in Phase 1&2 as the other domesticates on site (pig, goat and cattle) were meeting the sites 
need for meat and milk.   
 
Greenland 
The mortality profile for ovicaprines at E71s has been differentially interpreted.  Mainland and 
Halstead (2005) suggest that the emphasis on culling between wear stage C and D (first and 
second years of life) together with only moderate adult deaths most closely indicates a meat 
production system.  McGovern (1992), however, identified a bimodal pattern thought to be 
evidence of a duel meat and secondary products economy.  Enghoff (2003) interpreted the 
survivorship curve for GUS as resembling a meat based economy, however, suggested that this 
would not have precluded the use of these animals for wool and hair, for which material 
evidence was preserved on site (Enghoff 2003).  The greater emphasis on older sheep at V51 
suggested to Mainland and Halstead (2005) that higher wool yields were possible, although the 
flock was not optimised for wool production. The abundance of younger individuals also 
indicated that these animals were being used for milk and meat as well.  Finally the high 
representation of young adults at V52a, culled between the first and second year, was 
interpreted as milk and meat production in a system where fodder production was less limiting 
(Mainland & Halstead, 2005). 
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Site Sample Measurements in mm 
Mine Howe 
MINE/01 23.82 22.69 20.07 8.53   
MINE/02 16.48 9.98 2.14    
MINE/03 24.30      
MINE/04 14.16 12.29 8.97 6.47   
MINE/05 24.40 23.05 20.93 18.84 10.42 1.13 
MINE/06 20.88 12.48     
MINE/08 20.75      
Snusgar 
SNUS/02 25.64 21.84 13.10    
SNUS/03 21.60 18.35 9.92    
SNUS/05 11.29      
SNUS/06 18.40 16.13 14.68    
Earl’s Bu 
EB/01 1.35      
EB/10 19.91 19.15 8.64    
EB/21 7.84 5.95 0.05    
EB/43 7.79 7.29 3.18    
EB/60 23.42 18.10     
Hofstaðir 
HOF/01 13.48 13.22 11.41    
HOF/02 17.46 11.27 1.58 1.01   
HOF/03 14.69 11.56 9.19    
HOF/04 19.98 11.98 7.12 6.14   
HOF/05 5.01 2.86     
HOF/06 19.09 4.85     
HOF/07 6.50 6.28     
HOF/08 8.06 5.74     
HOF/09 21.67 18.14 6.28 2.90 1.65  
HOF/10 16.93 14.84     
Sveigakot 
SVK/01 23.64 23.12     
SVK/02 13.58 7.97     
SVK/03 23.13 19.52     
SVK/04 19.28 15.65     
SVK/05 20.29 5.78 5.26 2.17   
SVK/07 25.86 11.16 10.03 7.80   
SVK/08 21.36 14.03 4.54 1.93   
SVK/09 20.68 6.03 1.28    
SVK/10 19.00 8.14     
 
Appendix Table 10.1: Measurements of accentuated striae of Retzius in millimetres from CEJ 
of all archaeological samples  
 
 
 
 
